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P R E F A C E 
The knowledge of the development of the dentition is of essential importance 
in all fields of dentistry. 
It also is of interest for the veterinarian because for him the dental situation 
observed forms among other things a valuable adjunct in the estimation of the 
age of an animal. 
In medicine the dental age is used in the evaluation of the physical development 
in children. The importance of this aspect gains considerably when besides the 
registration of the teeth present in the mouth also the stage of formation of 
these teeth and of the ones not yet emerged, is recorded with roentgenograms. 
Incorporating the last feature in the estimation of the dental age can result in 
a fairly accurate method for the determination of this facet of physical develop-
ment, that deserves a specific place beside the recording of skeletal maturity. 
The formation and the eruption of teeth take place within the jaw bones. Only 
little information is available on both processes and particularly in regard to 
their inter-relationships. This also holds true for the influence exerted by local 
factors in both processes. With the investigation presented here it is aimed to 
increase our knowledge of these particular aspects of the development of the 
dentition. For that purpose the normal processes of tooth formation and 
eruption have been studied longitudinally in the miniature pig, mainly by 
roentgenographic methods. Further, the effects of certain environmental in-
fluences in these processes have been investigated by controlled experiments. 
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CHAPTER I 
GENERAL INTRODUCTION 
A. METHODS TO INVESTIGATE TOOTH ERUPTION AND THE 
DEVELOPMENT OF THE DENTITION 
In the past several approaches have been used in the study of tooth eruption 
and the development of the dentition. The most essential ones will be mentioned 
here. The determination of the time of clinical emergence and the attainment of 
occlusion belong to the oldest methods and have been widely used as such. Many 
findings of this type in human material obtained on a cross-sectional and later 
on a longitudinal basis in various ethnic and social groups have been presented. 
The information is frequently embodied in plaster models. 
The introduction of certain histological and anatomical techniques opened 
another way to obtain more knowledge of the basic processes involved. A 
limitation of this method is that it in general presents information of a static 
nature only. However the application of vital staining techniques made it pos-
sible to draw more reliable conclusions about the changes that preceeded. 
Roentgenological methods provided an excellent way to follow the dynamic 
processes of the development of the dentition. This approach made it possible 
to study the tooth formation and the changes in the position of teeth long 
before clinical emergence occurs. Furthermore parts of the tooth not clinically 
visible can be studied in detail such as the resorption of deciduous teeth and the 
root formation of the permanent ones. It was Pacini, who in 1922 was the first 
one, to present a method to obtain standardized roentgenograms of skulls. 
This method was applied on living individuals by Broad bent (1931) and by 
Hofrath (1931), and has since been intensively used to study the growth and 
development of the skulls in living humans and animals. 
The combination of roentgenocephalometric techniques with metal implants 
placed in bone, made it possible to follow the growth of the skull and the de-
velopment of the dentition with reference to reliable points of superposition 
(Björk, 1955; Robinson and Sarnat, 1955). Cephalograms taken at 45° to the 
midsagittal plane have been shown to be particularly useful to study tooth 
eruption in the lower buccal segments in humans (Cartwright and Harvold, 
1954). 
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It has been impossible to standardize the use of intra-oral roentgenograms to 
the same extent as the ones of the whole skull. 
Nevertheless, the intra-oral pictures can present information not obtainable in 
another way, and have as such still a place in the study of the development of 
the dentition. 
In the experiments presented in this thesis all methods indicated above were 
used. The clinical emergence and attainment of occlusion were recorded. Ana-
tomical and histological techniques including vital staining have been applied. 
Most information has been obtained from standardized teleroentgenograms 
of the total skull of animals in which metal implants were placed. Intra-oral 
radiographs were used to study certain aspects not recordable in another way. 
B. PLAN OF INVESTIGATION 
The present experiment was designed particularly to study the characteristics 
of the normal process of tooth development and eruption and subsequently to 
investigate - under controlled conditions - the effect of some local factors on 
this. 
For that purpose preference was given to the miniature pig as experimental 
animal, and to the longitudinal evaluation of most of the observations. The 
effects of local factors have been studied in experiments of pulp exposure and 
extraction of deciduous molars at an early and a late stage of development of 
their successors. Besides this the influence of the removal of mucosa and bone 
overlying permanent teeth, not preceeded by deciduous ones, was evaluated. 
Some findings will be illustrated by histological preparations in which the vital 
staining is of particular interest. 
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CHAPTER Π 
MATERIAL AND METHODS 
A. THE ANIMALS 
1. The choice of the experimental animal 
In 1736 John Belchier happened to notice the vital staining of bone in madder-
fed pigs. He realized the importance of this finding particularly in the study 
of bone growth and advocated the further development of the method. His 
discovery stimulated the use of pigs in the study of the growth and develop­
ment of the skeleton (Duhamel, 1739). In this respect several authors have 
studied the head and particularly the mandible using a vital staining technique 
(John Hunter, 1771; Brash, 1928), metallic implants (Humphry, 1864) and 
teleroentgenography combined with metallic implants (Robinson and Sarnat, 
1955). 
The practical disadvantages of the use of the pig as an experimental animal 
have been reduced with the introduction of the miniature pig (Lundberg, 1957). 
Weaver et al (1962) indicated the possibilities and the advantages of the use 
of the mini-pig in dental research. 
To study experimentally the development of the dentition and the factors that 
influence tooth eruption, the mini-pig was selected on the basis of the following 
considerations: 
a. The pig is an omnivore, as is man. Its dentition is comparable with that of 
humans. The corresponding buccal teeth in particular have many features in 
common. 
b. The masticatory movements of both species show many similarities, as do 
the abrasion pattern and the tooth attachment in the lateral segments. 
с The general growth and the development of the dentition are fast enough 
to allow an accurate timing of the experiments in relation to the developmental 
stages. 
d. The deciduous dentition was almost completely present at the time the animal 
became available to us for experimental work. 
e. Tooth form and size permit the use of normal dental instruments. 
f. The mini-pig is fairly easy to handle and the animal has a high resistance 
against epidemic infections. 
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g. The animal can be obtained on acceptable conditions and the costs of feeding 
and housing are reasonable. 
2. General information 
All animals used in this study were obtained from the 'Institut für Tierzucht 
und Haustiergenetik der Universität Göttingen' in West Germany. 
The animals were crosses between : 
a. Vietnamese pigs with pendulous belly, black coloured, and of the dwarf type. 
b. Mini-pigs from the Hormal-Institute (U.S.A.). 
с Ennobled German 'Landschweine'. 
d. Vietnamese pigs with pendulous belly, white coloured and with extreme 
dwarfism. 
These 4 strains were cross-bred since 1960 in the German Institute, aiming for 
animals with minimum weight, high resistance against epidemic diseases, a 
high fertility rate and acceptable manageability. The animals were obtainable 
from the Institute 8 to 10 weeks after birth. 
3. Housing and feeding 
The animals were housed in the Central Animal Laboratory of the University 
of Nijmegen (Head: Dr. vet. J. M. Dobbelaar), in groups of 5 animals per 
cage. They were not handled during the first 3 weeks of their stay, to speed up 
the accomodation to the new environment. The groups once formed were main­
tained during the whole experimental period. 
The animals were fed at 8.30 a.m. and at 4.30 p.m. with about 5 kg of special 
pig meal per 5 animals. Water was available ad libitum. 
4. Records 
The numbering of the animals was done by means of metal earclips. Sex-diffe­
rences were determined, but not taken into account. Ages were recorded in 
weeks after birth. Weight determinations were performed every 4 weeks and 
were carried out by means of a weighing machine to 0.1 of a kg. 
5. Reports 
The operational procedures and the findings were recorded systematically. The 
teeth present in the mouth at every observation, as well as other points of 
interest, were registered. 
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6. Notations 
a. The teeth 
Small letters refer to deciduous teeth, capital letters refer to permanent ones. 
The following symbols were used to indicate the teeth : 
i = deciduous incisor I = permanent incisor 
с = deciduous cuspid С = permanent cuspid 
m = deciduous molar Ρ = premolar 
M = permanent molar 
The formula for each quadrant of the deciduous dentition can be indicated 
as (Fig. II-l*)*: 
iti І2, із, с, mi, mi, mj 
and for the permanent dentition (Fig. II- l b ) : 
li, Ь, Із, С, Ρ,, P2, Рз, M,, M2, Мз. 
In about 10% of the animals there is an extra tooth present, mesial to, but not 
in contact with the mi. Difference of opinion exists regarding whether this 
tooth has to be considered as a deciduous or a permanent one. 
b. Upper/lower 
Since all experiments in this investigation were performed on the mandible, 
notations - if not indicated otherwise - refer to the mandible. 
c. Lefijright 
The capitals L or R added after notations, refer to the left or right side of 
the mandible. 
B. STANDARD TECHNIQUES 
1. Anaesthesia 
A regular hospital apparatus was used (Loosco Cabinette with a T.I.L.C. 
Fluothane evaporator). 
The gas consisted of a mixture of Fluothane (I.C.I. Company), N2O and O2. 
A tapered metal dog cap (Holdern & Co. London) was, as a rule, applied to 
* Figures and tables are presented in the appendix. 
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the snout. The cap was connected with the apparatus by means of a rubber 
tube. By this method it was possible to get the animals in total anaesthesia 
within 5 minutes. The anaesthesia could be continued for several hours at least, 
without any visible disadvantages for the animals. The administration of the 
gases could be interrupted for a few moments when needed in the experiments. 
After the anaesthesia was discontinued, the animals woke within 5 minutes 
and were able to walk another 5 minutes later. The eye reflex and breathing 
frequency were used to control the depth of the anaesthesia. When the anaes-
thesia was too deep, the gas mixture was changed in O2 only and artificial 
breathing was applied. 
In a total of about 600 anaesthesias only 2 were lethal of which one was due 
to an artefact. 
In the 24 hours prior to the anaesthesia the animals did not receive any food. 
2. Teleroentgenograms 
After being anaesthetized the animals were placed in a modified cephalostat 
(Fig. II-2a). The ventral side of the body was placed on a specially designed 
wooden cradle and the lower borders of the mandible on a head rest. Angulated 
ear plugs were rigidly positioned in the front part of the external auditory ca-
nals. Next the incisai pin was placed below the contact point of the lower cen-
tral incisors for the final adjustment in the proper placement of the midsagittal 
plane of the head parallel to the film. The central ray was orientated perpen-
dicular to the film ; the focus-film distance was 400 cm and the distance from 
the midsagittal plane of the head to the film was kept constant at 28 cm. The 
voltage used was 85 kv. To avoid unsharpness of the X-ray picture, it was 
aimed to take exposures between two successive respirations. The exposure 
times ranged from 0.54 to 2.80 seconds, depending on the age of the animal. 
This resulted in a dosage from 170 to 580 mas. 
3. Intra-oral radiographs 
These were taken immediately after the lateral roentgenogram. Intra-oral X-ray 
films (Kodak Ultra Speed) were used in conjunction with a regular plastic 
film holder. The latter was fixed with its extension between the teeth of upper 
and lower jaws. It was aimed to orientate the X-ray cone (Philips Oralix) 
perpendicular to the centre of the film at a distance of 5 cm. This resulted in a 
focus-film distance of about 15 cm. The exposure times were increased with 
the age of the animals and ranged from 0.3 to 0.5 seconds. Exposures were 
made between two successive respirations. 
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С. OPERATIVE PROCEDURES 
All operations were performed in one of the operation rooms of the Central 
Animal Laboratory, according to the rules of surgery and after the application 
of anaesthesia as described above. Two well trained biotechnicians offered 
assistance in all operations. For the intra-oral operations the mouth was kept 
open by means of cords around the lower and upper jaw and the anaesthesia 
cap was placed on the nose. 
1. Placement of metal implants 
For this purpose tapered pieces of V2S stainless steel orthodontic wire of 
0.5 mm diameter and 2.5 mm length were used. The location of the gonial angle 
was determined by palpation. Above this point an incision was made just large 
enough to make it possible to place the metal implants at a distance of about 
5 mm from the lower border of the mandible. For the placement of implants an 
instrument slightly modified after Björk (1955) was used (Fig. II-3). The im-
plants were hammered through the periosteum into the bone. They were placed 
about 0.5 mm under the bone surface. Following the same procedure another 
implant was placed in the frontal part of the mandible close to the symphysis. 
First the right side was operated upon, then the left one. To facilitate the dif-
ferentiation between the left and right sides of the mandible on the teleroent-
genograms two implants, about 3 mm apart, were placed in the corresponding 
areas operated on the left side. 
On the basis of the information on the growth of the pig presented by Brash (1928) 
it was assumed that implants placed in the lower jaw may loose their stability 
in long lasting experiments due to remodeling of bone. Therefore preliminary 
experiments were carried out on four mini-pigs to gain more information on the 
growth of the lower jaw and the related processes of resorption and apposition 
of bone. From this it became clear that it was essential to place new implants 
after 7 to 8 months to obtain reliable artificial reference points during the 
whole experimental period. Consequently this procedure was followed in all 
animals. 
2. Pulp exposure 
Using a portable airotor with a round bur, openings were made on the buccal 
surface of the tooth at half the clinical height of the crown, in the direction of 
the root canal entrances, till the pulp chamber was widely opened. 
7 
3. Extraction 
The mucosa was loosened by means of a forceps, which was pushed apical-
wards - in tight contact with the crown - up to the alveolar crest. Next the 
tooth was divided buccolingually by means of the airotor and a fissure bur. 
The separated mesial and distal parts of the tooth were removed by means of a 
straight dental elevator. 
4. Removal of occlusal mucosa and bone 
The mucosa, overlying the unerupted tooth, was incised down to the bone by 
means of a scalpel. A fissure bur and the airotor were used to remove so much 
of the bone, that at least half of the occlusal surface of the crown was clearly 
visible. 
D. VITAL STAINING TECHNIQUE 
1. Administration 
Tetracycline (Achromycin) was used to mark the calcifying bone, dentine and 
enamel. Injections were given intraperitoneally in a dosage of 6 mg per kg body 
weight. 
2. Sectioning of the mandible 
After sacrificing the animals, the mandibles were isolated and separated at the 
symphysis. The buccal segment of one half of each mandible was sectioned 
perpendicular to the dental arch, at each contact point, leaving the teeth intact. 
Additionally the Шз, Mi and M2 and the corresponding bone were completely 
bisected by a buccolingual cut. 
After studying, the sections were stored for histological preparation, in a 
refrigerator at -15 "С. 
3. Preparation and study of thin sections 
After defatting in acetone, the sections were embedded in crystal-clear polyester 
(type nr. 5132, Frenken's Fabrieken N.V., Weert, Netherlands). The blocks 
were sectioned by a thin sectioning machine (Gillings-Hamco, Rochester N.Y., 
U.S.A.) at 200 μ, perpendicular to the dental arch. The sections were mounted 
unstained and studied with the fluorescence microscope. 
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E. PROCESSING THE MATERIAL 
1. Evaluation of the teleroentgenograms 
The roentgenograms were studied in detail and compared to the ones obtained 
from the same animal at other times and to the ones of other animals in compa-
rable circumstances. 
To evaluate the information obtained by this method more systematically, 
tracings were made of all roentgenograms using acetate paper (Kodatrace) 
and a sharp pointed pencil (Goldfaber 3H). The contours of the mandible, the 
teeth and other essential structures were copied, and the implants were indicated 
(Fig. II-4). 
Due to the fact that the implants could be used as fixed superposition points the 
changes in position of the teeth and other structures could be followed long-
itudinally with great reliability. 
A rectangular co-ordinate system of which the X-axis was determined by the 
occlusal plane and the Y-axis by the tangent to the mesial surface of the crown 
of the mi as present in dental stage I-B (cf. Fig. 11-4), was transferred to all the 
tracings of other stages using the implants as reference points. All measuring 
was done in relation to this co-ordinate system. The inclination of teeth was 
described in angular relation to the X-axis. 
Glossary: see outfolding page 10. 
The most occlusal point of the outer cementai surface of the root bifurcation, 
the highest point of crown and the deepest fissure were used for recording the 
position of the teeth, because these points were the earliest visible ones and were 
reproducible throughout the experimental period. Furthermore they could be de-
termined accurately. The most occlusal point of the outer cementai surface of the 
root bifurcation theoretically could be affected by the apposition of secondary 
cementum. From the vital staining sections however, it could be concluded 
that this effect is negligible. On the other hand the abrasion of the cusps during 
the experimental period was quite marked. The influence of abrasion on the 
position of these points was eliminated by making an individual tracing of the 
tooth concerned before abrasion had taken place. On this tracing the measuring 
point was marked and it was transferred to the successive tracings of the tele-
roentgenograms by superpositioning. 
The midpoint of the bottom of the socket of the premolars was estimated by eye. 
In doing this the long-axis of the root served for orientation. It should be kept 
in mind, that these mid-points do not represent the calcified root ends of the 
pertinent teeth. 
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The points I.A. and I.P. were determined by placing a pencil dot on the tracing 
paper in the imaginary centre of the metal implant image on the roentgenogram. 
The angles A, B, and С were used as representations of the axial inclinations 
of the premolars. The long axis was determined as the estimated bisector of 
the mesial and distal roots. 
2. Measuring techniques 
Most teleroentgenograms showed separate images of the left and right buccal 
segments. This may be due to an existing asymmetry, when it shows up syste­
matically, or to an improper positioning in other instances. Due to the fact 
that paired implants were placed on the left side of the mandible, the identifi­
cation of the implant images did not cause any difficulty. To differentiate 
between the left and right sides of the dentition, the left first permanent molars 
were marked with small amalgam fillings placed in their mesial surfaces. Once 
a single tooth in a segment was determined, the other teeth could be traced 
back easily, since, as a rule, the teeth in a segment were in contact with each 
other. Differentiation between the premolars prior to emergence was done by 
comparing the relation of the germ to its environment with the situation recor­
ded on the intra-oral radiograph to facilitate the identification. Advanced or 
delayed eruptions were checked with the recorded clinical observations. 
For reasons of convenience in differentiation, the left premolars were marked 
with a small buccal amalgam filling after emergence. 
a. Linear measurements 
As indicated before, a co-ordinate system was used in measuring (Fig. 11-4). 
The X- and Y-axis and the implant points, as indicated on the tracing made 
of DS I-B, were copied on a sheet of graph paper on cardboard. For measuring 
each tracing of a series was orientated and fixed on the graph paper with the 
implant points superimposed on the copied ones. With the tracing in this 
position the x- and y-co-ordinates of each reference point were measured to 
0.1 of a mm by means of a dial reading sliding X-ray caliper with scale divisions 
of 0.1 mm (John Bull). 
The points representing the implants additionally placed during the experimen­
tal period, were copied on the graph paper with the tracing in the position as 
described above, and were used as reference points for subsequent superpo-
sitioning. 
b. Angular measurements 
As mentioned before, the inclination of the premolars was expressed by the 
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angle between their long-axis and the X-axis. A sheet of tracing paper, on which 
the X-axis and the implant points had been copied, was placed on the tele­
roentgenogram with the implant points superimposed. The completely formed 
premolar was copied on another sheet of tracing paper. On this the long-axis 
was drawn. The latter tracing was placed over the first one with the copied 
premolar maximally superimposed on the premolar image on the teleroent­
genogram. 
With the tracings in this position, the angle between the long-axis and the 
X-axis was measured to the nearest degree by means of a protractor. The first 
measurement of a series was made when the premolar crown was completely 
calcified. 
c. The error of the method. Table II-A 
In order to evaluate the accuracy of the measurements obtained by the method 
used, double determinations were carried out. For this purpose, two teleroent­
genograms were made of each animal on separate occasions at the same day. 
The presence of some landmarks depended on the stage of dental development 
of the animal. Hence double determinations were carried out at two different 
developmental periods, selected in such a manner that all landmarks were 
included. The teleroentgenograms obtained were analysed independently. 
The standard deviation of the error of the method was estimated by the formula: 
in which d is the difference between the two determinations and η the number 
of the cases. 
The data presented in Table II-A can be considered as being acceptable for the 
purpose of our investigation. They have to be taken in account in the evaluation 
of the findings to be presented. 
3. Evaluation of dental development 
a. Dental stages 
As mentioned above, a system of dental stages was used for the assessment 
of the dental development, on the left and the right sides separately. It was 
defined that successive dental stages were reached at the moment that all the 
permanent teeth indicated by the same symbol were registered as being in 
occlusion. This norm was selected because these phenomena could be deter­
mined accurately on the teleroentgenograms and because it showed up in the 
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same sequence in all subjects. The latter circumstance permitted a clear arrange­
ment of the material. Furthermore, those teeth were directly related to the area 
investigated. 
Using the following symbols and definitions, six dental stages were determined 
(Fig. II-6): 
DS I-A: the mi's and the MTs in active eruption; the mz's and the nu's 
in occlusion 
DS I-B: the Mi's in occlusion 
D S U : ditto for the Mz's 
D S I I I : ditto for the Pj's 
DSIV: ditto for the Pz's 
DS V: ditto for the Pi's 
DS I-A was contrived in order to evaluate the dental development of the 
subjects at the beginning of the experimental period. 
b. Tooth formation 
More detailed information on the dental development of individual teeth was 
obtained by using a system of well defined stages of tooth formation (Fanning, 
1961). 
The progress in the calcification process of the crown and the root, as evaluated 
on the intra-oral radiographs, was used as an assessment of tooth formation. 
Using this norm, 8 stages were determined of each individual premolar on the 
left and the right sides. The distal root of the Pi and the mesial root of the P2 
and the Рз were made use of. 
The ensuing symbols and definitions were used: 
Ci: initial calcification of the crown 
C1/2: half of the crown calcified 
Cc : crown completely calcified 
Rb : initial calcification of the root bifurcation 
R1/4: one quarter of the root calcified 
R1/2: half of the root calcified 
R3/4: three quarters of the root calcified 
Re : root completely calcified 
Ci was determined by the first evidence of calcification of the cusp. Crown 
formation was considered to be complete when there was a clear image of the 
cemento-enamal junction. Rb was reached when the first evidence of calcifica­
tion of the root bifurcation could be seen. The calcification of the root was 
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IP 
® . 
IA 
® 
1 : The most occlusal point on the 
outer cementai surface of the root 
bifurcation of the mi. 
2: Ditto for the mj. 
3: The deepest point of the distal 
bucco-lingual fissure of the тз . 
4: The highest point of the mesio-
buccal cusp of the Mi. 
5: Ditto for the M L 
6: The most occlusal point on the 
outer cementai surface of the root 
bifurcation of the Pi. 
7: Ditto for the P2. 
8: Ditto for the Рз. 
10: 
11: 
I.A. : 
I.P. 
ΛΑ: 
Z.B : 
¿ . С : 
The lowest point of the bony socket 
of the distal root of the Pi. 
The lowest point of the bony socket 
of the mesial root of the Pa. 
Ditto for the Рз. 
The point representing the position 
of the first placed metal implant in 
the anterior area of the mandible. 
The point representing the position 
of the first placed metal implant in 
the posterior area of the mandible. 
The angle between the long-axis of 
the Pi and the X-axis. 
Ditto for P2. 
Ditto for Рз. 

considered to be complete when the total length of the root was obtained. 
For the determination of the other stages, a tracing was made of the completely 
calcified tooth. The crown was divided into 2, the root into 4 equal parts 
by means of parallel lines perpendicular to the long-axis. The lines were marked 
as indicated in Fig. II-7. The master tracing was placed on the intra-oral radio­
graph and the copied tooth was maximally superimposed on the image of the 
tooth on the radiograph. A certain stage of tooth formation was determined 
by the fact that calcification had attained, or passed for the first time, the refe­
rence line concerned. 
Additionally, Cc of the M2 was determined on the teleroentgenograms. 
c. Resorption of the deciduous molars 
For the assessment of the resorption of the deciduous molars the method for 
the assessment of tooth formation was used in reverse (Fanning, 1961). The 
progress of the resorption in the direction of the crown, as it showed up on 
the intra-oral radiographs, was used as the norm. The distal root of the mi and 
the mesial roots of the таг and т з were used. 
The number of stages was adapted to the circumstances and defined as follows 
(Fig. II-8): 
Resi : initial root resorption 
Res 1/4: one quarter of the root length resorbed 
Resi/2: half of the root length resorbed 
ReS3/4: three quarters of the root length resorbed 
Rese : root completely resorbed 
Exf : tooth exfoliated 
Resi was determined by the first evidence of root resorption at any place of 
the root. The moment the deciduous tooth had disappeared from the roentge­
nographs was noted as Exf. 
F. STATISTICS 
Statistical processing of the numerical data was carried out by the Institute for 
Mathematical Service (Head: Ph. van Eiteren), University of Nijmegen. An 
I.B.M. computer type 360-50 was used. 
All means (x) and standard deviations (SD) were calculated according to the 
formulas : 
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χ = — Σχι, and SD 
η 
= τ/ *'-*" 
Г η(η—1) 
in which η stands for the numbers of observations and xi for the individual 
measurement. 
a. Longitudinal measurements obtained from the right side were compared by 
testing the mean increments at successive 4-week intervals. 
b. Measurements obtained from the left and right side at the same moment 
of observation were compared by testing the mean differences. 
с Longitudinal measurements obtained from the left and right side were com­
pared by testing the mean differences of the increments (on the left and right 
side) at successive 4-week intervals. 
In all 3 cases mentioned above the (two-sided) Student test for paired obser­
vations was used. Stages of development on the left and right side were com­
pared in most instances by means of the sign-test (Wilcoxon). Differences were 
considered to be significant if their p-value was equal to or less than 0.05. All 
numerical data were rounded to 2 decimal places. 
Mean differences of the increments between the observations can deviate from 
the differences between the relevant means if the number of observations in­
cluded in the calculations in both instances is not equal. This holds also true 
for differences between the left and right side. Further, small differences in this 
respect can show up at the second decimal place due to rounding of the nume­
rical data. 
Graphs were made mainly by means of the computer. 
The following symbols were used : 
XB,: the mean of the observations of the right side 
S D R : the standard deviation of XR 
XL: the mean of the observations of the left side 
S D L : the standard deviation of XL 
XR-L: the mean difference of the observations on the right and left side 
S D R - L : the standard deviation of XR-L 
The probability that the null hypothesis was valid was indicated as : 
*: 0.05 > ρ > 0.01 
**: 0.01 > ρ > 0.001 
***: 0.001 > ρ 
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CHAPTER II l /PART 1 
THE DENTITION OF THE MINI-PIG 
A. GENERAL INFORMATION 
As mentioned before, all the mini-pigs used in this study were obtained from 
the German Institute and were cross-breeds between the 4 strains of animals 
indicated on page 4. Based on the information obtained in our study, the 
animals at our disposal were classified in 2 types viz. : 
Type 1: Fig. III-la>b. White, long-haired mini-pigs with black spots, a pointed 
snout and a limited tendency to subcutaneous fat deposition. At 80 weeks of 
age these animals had reached a snout-tail length of about 90 cm. The individual 
weights did not exceed 35 kg during the experimental period, making them 
fairly easy to handle. Besides this they were rather docile. The oral cavity 
was well accessible and experiments in the buccal regions could be carried out 
without difficulties. On top of this, teleroentgenograms presented clear images 
of the teeth and the mandible. Altogether this type of animal turned out to be 
an excellent experimental animal for the present investigation. 
Type 2: Fig. III-2a>b. Black, short-haired mini-pigs, with a relative short, broad 
snout, and with a pendulous belly. These animals had a great tendency to sub-
cutaneous fat deposition. 
At 80 weeks of age they were about 10 cm longer and taller than the type 1 
animals. The weight of the animals exceeded 35 kg already at 50 weeks of age, 
approaching 40 kg by the end of the experiment. Particularly in the later period 
they were hard to handle. Their manageability and the accessibility of the oral 
cavity were considerably less satisfactory than in the type 1 animals. The quality 
of the teleroentgenograms left something to be desired. Due to the factors 
just mentioned the experiments with animals of type 2 turned out to be 
relatively time consuming. 
Weights of the experimental animals 
All 18 mini-pigs involved in the experiment, were followed longitudinally over 
a period of about 60 weeks. The information obtained by the 4-weekly recording 
of their weights is graphically presented in Fig. III-3. In general each animal 
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gradually increased in weight. It can be assumed that part of the differences 
in increase of weight are due to differences in the body composition of the two 
types. On the other hand a great competition existed between the animals in 
one cage in the fight for the food available. In this the type 2 animals were -
as a rule - in the more favourable position. 
B. ORAL STRUCTURES 
To investigate if the dentition of the miniature pigs was suited for our purpose 
and if so to come to a proper experimental design, a preliminary study was 
carried out on 12 dried skulls. 
All the skulls were obtained from the German Institute and represented the 
situation at every month between the ages of 6 and 18 months. The skulls 
were studied by visual inspection and by roentgenograms. 
1. The dental arches 
The shapes of the dental arches of the deciduous and the permanent dentitions 
were about similar. The incisor teeth were strikingly proclined and arranged 
in a continuous, V-shaped arch. Mesial and distal to the cuspid a diastema was 
present. The row of teeth in the upper and lower buccal segments were about 
parallel to the midsagittal plane. The molars and the premolars showed an 
excellent interdigitation; the sagittal and transverse relation of the teeth in the 
buccal region resembled the corresponding situation in man to a great extent. 
2. The vertical tooth position 
The occurrence of asymmetry in the vertical position of the teeth in relation 
to the jaw bone was investigated on the skulls. For this purpose the mandible 
was placed with its lower border on a glass plate. The distance between the 
highest point of the cusps of the teeth and the glass plate was measured by a 
caliper to the nearest 0.1 of a mm. Corresponding measuring points on the 
antimeres were used. 
The signed rank test (Wilcoxon) and Student's t-test revealed no significant 
differences between the corresponding measurements on both sides (Table 
III-A). 
3. The teeth 
The tooth formulas are - as already mentioned - for each quadrant of the 
deciduous dentition: 
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ii, iz. із, с, mi, тпг, тпз 
and for the permanent dentition : 
II, І2, ІЗ, С, Pi, ?2, Рз, M,, M2, Мз. 
The teeth in the mandibular segment are illustrated in Figs. I I - l a ' b . 
The number of roots and their location in relation to the crowns are indicated 
in Table III-B. In general the buccolingual direction of the roots was about 
parallel with the midsagittal plane. The mesial and distal roots of the mi, nu. 
Pi, Pz and Рз diverged slightly; the roots of the т з , Mi and M2 were about 
parallel to each other. 
The information obtained from the study of the 12 dried skulls warranted the 
setting up of a detailed longitudinal investigation of the development of the 
dentition in mini-pigs. 
C. MESIODISTAL CROWN DIAMETERS 
For the determination of teeth measurements in mesiodistal direction the ana­
lysis by lateral roentgenograms was preferred over other methods. This has 
several advantages, one of which is the increased possibility for comparing 
these data with those to be obtained later on. 
The mesiodistal crown diameters of the m's and the P's of the 18 experimental 
animals, indicated on page 15, were derived by measuring the distance between 
the most mesial and distal projections of the crowns of these teeth on the tele­
roentgenograms. The measurements were made to the nearest 0.1 mm with an 
X-ray caliper. Only teeth in the right buccal segments served for the study of 
the development of the dentition described in this chapter. So teeth to be named 
in this chapter from now on are all units from the right mandibular segment. 
The means, standard deviations and ranges for the mesiodistal crown diameters 
of the m's and P's are presented in Table III-O, and for differences between the 
m's and their corresponding successors in Table III-Cb. 
The rnTs and тг 'з were invariably smaller, the тз 'з were invariably larger than 
their successors. The data regarding the difference between the combined di­
mensions of the m's and P's are given in Table III-CC. On the average the 
nett result was positive. However, evaluation of the original data revealed nega­
tive as well as positive values for the nett result in the individual animals (see 
the range). 
D. DENTAL DEVELOPMENT 
The dental development is a dynamic process and can as such be studied more 
adequately by a longitudinal approach. Little information on this subject is 
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available in the literature. To gain a better insight into the processes of dental 
development in general and of the pig in particular, a systematic investigation 
was carried out on the right side of the mandible. Furthermore, the data ob­
tained in this way could be used for comparison in experiments on the left 
side of the mandible to be described later on. 
The 18 experimental animals were followed longitudinally over a period of 
about 60 weeks. From every animal teleroentgenograms and intra-oral radio­
graphs were made every 4 weeks, by the method described in Chapter II-B. 
As indicated before, only teeth in the right lower buccal segments were used 
for this purpose. The dental stages, the stages of root resorption of the deci­
duous molars and the stages of tooth formation of the premolars were assessed 
as described in Chapter II-E. 
1. Dental stages 
The means and standard deviations of the ages at which the successive dental 
stages were reached are given in Table III-4 and graphically presented in Fig. 
III-4. On the teleroentgenograms first made the m^'s and ms's were in occlu­
sion. This was also the case for all mi's before DS I-B (DS = dental stage) was 
reached. In 5 animals DS V was not attained and in 3 cases the Pi's were 
congenitally absent. Consequently DS V could not be registered in 8 out of 
18 animals. As described before the sequence in which the different dental 
stages were reached was identical for all animals. The individual variation in 
the attainment of successive DS's was considerable and will be discussed later on. 
2. Resorption of the deciduous molars 
The means and standard deviations of the ages at which the successive resorp­
tion stages were attained are given in Table III-5a> b>c and graphically presented 
in Figs. III-5a' b>c. All the mi's and ma's were exfoliated during the experimental 
period. 5 Of the mi's were still present at the time the experiment was termi­
nated. In 3 cases of agenesis of the Pi's, the mi's were excluded from compu­
tations. The sequence in exfoliation of the deciduous molars was identical in 
all animals viz.: піз, пи, mi, however with the restriction that in 5 cases exfo­
liation of both the rcu and піз was found to have occurred between consecutive 
observations. 
3. Tooth formation of the premolars 
The means and standard deviations of the ages at which the successive stages 
of tooth formation were attained are given in Table III-6a>b 'c, graphically pre­
sented in the Figs. III-6a>b>c and illustrated in Fig. III-7. 
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CHAPTER IIl/PART 2 
T H E E R U P T I O N A N D C H A N G E I N P O S I T I O N O F T E E T H 
The data presented in this section are all obtained from the 18 experimental 
animals followed longitudinally. The individual variation is of particular in­
terest in the eruption and change in position of teeth. Hence the behaviour of 
the individual teeth is described first. Subsequently the data are statistically 
evaluated and average patterns are presented. 
A. INDIVIDUAL VARIATION IN VERTICAL MIGRATION OF THE TEETH 
1. The premolars Figs. III-8a· b · c 
To determine the individual behaviour and variations in the changes in vertical 
direction of the P's, the 4-weekly positions of the Pi's, Рг'з and Pi's were esti­
mated by the y-co-ordinates of the reference points nos. 6,7 and 8. The number 
of Pi's included was limited, due to agenesis in 3 cases and to the fact that in 
some animals the stages of tooth formation of the Pi's could not be assessed 
properly. 
It may be remembered here that the landmark used in the registration of the 
position of the P's represents their bifurcation. A disadvantage of this method 
is that it eliminates any registration of P's prior to stage Rb of root formation. 
Time-distance diagrams were made of each premolar involved by plotting the 
4-weekly observations. To facilitate reading of the diagrams curves were fitted 
by hand, through as many points as possible. The moments at which stages of 
root formation were observed to be attained are indicated. All curves of the 
corresponding P's are presented in one figure and are vertically superimposed 
on the moment occlusion was observed to have been reached. The curves were 
ranked along the vertical axis at equal distances so that they presented a good 
overall view and made individual comparison as easy as possible. The chrono­
logical ages at the attainment of occlusion are indicated where the curves cross 
the vertical axis. 
Evaluation of the curves revealed interesting findings. Most dominating is the 
great similarity found in all curves, indicating a particular pattern of vertical 
migration. 
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In practically every curve at least 3 phases in vertical displacement could be 
distinguished. From information to be presented later on in this chapter it will 
become clear that the total process of vertical migration is characterized by 
5 distinguishable phases. In the observations made on the premolars the first 
two do not show up as a rule. However to avoid confusion later on it was 
preferred to use from the very beginning the numbering of phases based on 
the evaluation of the total process of migration, with the disadvantage that the 
first stage described here will be numbered 3. 
The three phases distinguishable in the observation of the migration of the 
premolars are defined as: 
3. a phase of rapid vertical migration 
4. a phase of decreasing rate in vertical migration 
5. a phase of relatively small and rather constant rate of vertical migration 
Relating the stages of root formation, and the moment occlusion was attained 
to the phases in vertical migration revealed an interesting correlation. Before 
the attainment of stage R1/4 the pertinent teeth showed in many instances only 
limited vertical displacement of a fairly constant or slightly increasing rate, a 
movement that is situated prior to phase 3 and as such is not yet nominated here. 
After the attainment of stage R1/4 in practically all cases, and already prior 
to this in a number of them, rapid vertical migration (phase 3) was observed, 
that continued in many specimens till after the attainment of stage R1/2. 
Stage R3/4, corresponding as a rule with the attainment of occlusion, coincided 
in most instances with the phase of decreasing rate in vertical migration 
(phase 4). At the moment stage Re was observed the vertical migration had 
slowed down and was relatively small and rather constant (phase 5). 
The Рг'з showed a slightly different behaviour in this respect, the vertical mi­
gration seemed to be relatively ahead with reference to the tooth formation in 
comparison to the other P's. This may be illustrated by the fact that in 9 out 
of 18 Рг'з studied, stage R1/2 coincided about with the phase of decreasing rate 
in vertical migration (phase 4). 
Furthermore, it can be noticed from Fig. III-8b that the Рг'з were in general 
slightly more behind in root formation at the moment occlusion was observed 
(8 cases had attained stage R3/4, 9 cases stage R1/2 and 1 case stage R1/4)-
From the study of the curves it becomes clear that the amount of registered 
vertical migration between attainment of successive stages of root formation 
showed considerable variation, particularly in the phase of rapid eruption. A 
marked individual variation in chronological age with respect to corresponding 
phases of vertical migration can also be seen. The attainment of occlusion lay 
within a range of about 18 weeks in each group of P's studied. 
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In conclusion: The shape of the time-distance diagrams representing the vertical 
migration of the individual P's, showed great overall resemblance. A consider­
able variation was found for the amount of vertical migration between the 
successive stages of root formation. 
The duration of the phase of rapid eruption showed also a considerable indi­
vidual variation as did the moment it was observed to have started with respect 
to chronological age. 
Three phases could be distinguished in the process of vertical migration of the 
P's. Two other phases will be added later on in front of these. 
a phase of rapid vertical migration (phase 3) 
a phase of decreasing rate in vertical migration (phase 4) 
a phase of relatively small and rather constant rate of vertical migration 
(phase 5) 
In general stage Ri/ 4 coincided about with the phase of rapid vertical migration 
(phase 3) that continued in many cases after stage R1/2 was reached. Stage R3/4 
corresponded as a rule with the attainment of occlusion and phase 4. Stage Re 
coincided with phase 5. The Pz's were, compared to the other P's, slightly 
ahead in vertical migration and attainment of occlusion with reference to root 
formation. 
2. The permanent molars Figs. III-9a· ь 
Most of the aspects studied in the P3 were analysed for the M's also. Further­
more, the vertical migration of the Mi's was related to the stages of dental 
development, as indicated on the graphs. The 4-weekly vertical positions of the 
M i's and M 2's were estimated by the y-co-ordinates of reference points nos. 4 and 5. 
Time-distance graphs were made, classified and ranked as described above. The 
number of registrations of the Mi's before occlusion was attained, was restricted 
by the observational period. The Ma's were registered from about stage Cc 
onwards. 
It was observed that the shapes of the curves of the Mz's showed great resem­
blance to the ones of the P's. Again the phase of decreasing rate in vertical mi­
gration (phase 4) was approximately coincident with attainment of occlusion. 
The same phenomenon was observed in the Mi's. 
In general the Mi's showed a phase of a relatively small rate of vertical migra­
tion (phase 1) till stage Cc was passed (the only stage recorded). This was fol­
lowed by a period of increasing rate of vertical migration (phase 2) and a period 
of rapid vertical migration subsequently (phase 3). The latter is in accordance 
with the process already described for the P's. This holds also true for the 
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further course of the vertical migration. The Мг'в were registered earlier with 
reference to tooth formation than the P's were. Although stages of root for­
mation of the Мг'з could not be determined, it may be assumed on the basis 
of the information obtained from the other teeth, that the phase of increasing 
rate of vertical migration was very likely to coincide with initial stages of root 
formation. Both Mi's and Nh's showed approximately constant and relatively 
little vertical migration following attainment of occlusion. 
Here too, the period in which rapid eruption was observed showed considerable 
individual variation with respect to chronological age and the time span invol­
ved. The latter was on the average 12 weeks, whilst the range of variation in 
chronological age at attainment of occlusion of the M2 was as much as 20 weeks. 
Evaluation of the individual curves of the Mi's on which the successive DS's 
were indicated (Fig. Ш-9а), revealed interesting findings. The diagrams clearly 
show a considerable range of individual variation in timing between attainment 
of successive DS's except between DS III and DS IV. Regarding the latter, in 
15 out of 18 cases the difference observed was 4 weeks, in the other cases 8 
weeks. 
The age of the animals at attainment of DS I-B did not seem to be correlated 
with the time interval between attainment of successive DS's. No indications 
were observed that the rate of vertical migration of the Mi's was influenced 
by attainment of DS's subsequently (Fig. III-9a). 
In conclusion: It was observed that the time-distance diagrams representing 
the vertical migration of the Mz's had similar features to the ones of the P's. 
As far as could be noticed the same holds true regarding the curves of the Mi's. 
It may be assumed that the phase of increasing rate of rapid vertical migration 
of the Мг'з was started subsequent to stage Cc and was more or less coincident 
with the beginning of root formation (stage Rb). 
On the basis of the information obtained from the Mz's, two phases were added 
to the three already presented : 
1. a phase of a relatively small rate of vertical migration (in general till stage 
Cc was passed) 
2. a phase of an increasing rate of vertical migration (coinciding with stage Rb) 
Within the individuals and between the individuals, the time interval between 
attainment of successive DS's showed a considerable range of variation. The 
only exception observed to this was between the attainment of the DS III and 
the DS IV. 
There were no indications that the rate of vertical migration of the MTs was 
influenced by the subsequent attainment of occlusion of the Мг'з and P's. 
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В. STATISTICAL ANALYSIS OF CHANGES IN POSITIONS OF THE TEETH 
IN THE LOWER BUCCAL SEGMENTS WITH REFERENCE TO STAGES OF 
DENTAL DEVELOPMENT 
The individual observations described above may be influenced to a consider­
able extent by errors inherent in the method. The curves of Figs. 111-8,9 do 
present a useful picture of the pattern of eruption of the individual teeth. How­
ever, in order to obtain a more reliable overall description of changes in posi­
tion of the teeth and the variation involved, the data had to be subjected to 
statistical analysis. Problems involved with the statistical analysis of growth 
data have been discussed in detail by Tanner (1962) and Jefferys (1969). Shuttle-
worth (1937) clearly demonstrated that characteristics of individual growth 
curves will be lost in mean curves when data presenting different phases of the 
individual curves are combined on the basis of a pure chronological time scale. 
In a graphic presentation the latter will result in mean curves in which charac­
teristics observable in individual curves are smoothed. Furthermore the varia­
tion of the observations is expected to increase considerably. On the other hand 
the classification of observations with reference to biological characteristics in­
stead of chronological age usually results in a clearer picture of the phenomenon 
studied and in a reduction of the variation registered. 
As has been shown before, the individual curves of vertical migration of the 
P's and M's have many characteristics in common. Further, it became clear 
that each of the phases of the curves was more closely related to certain stages 
of dental development than to chronological age. On the other hand consider­
able variation was observed in the time intervals between attainment of corres­
ponding stages of dental development of different teeth in the same animal. 
With this in mind it was decided to carry out the statistical analysis of the 
data mainly with reference to corresponding features in dental development of 
the teeth with the same symbol. 
Using this norm for classification purposes, two methods are applicable. The 
first method is to classify the records at one corresponding stage of develop­
ment and carry out the statistical analysis of the data at equal time intervals 
before and after (Shuttleworth 1937). The second method is based on an ana­
lysis of changes that take place between certain stages in development. By this 
the time scale is more or less eliminated; the evaluations are mainly based on 
physiological features. 
In the present experiment it was considered to be of particular interest to in­
vestigate to what extent changes in position of teeth were related to certain 
aspects of development of the dentition. Therefore, and for other reasons, 
preference was given to the method advocated by Shuttleworth. 
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Based on the information obtained before, the changes in position of the teeth 
were analysed with reference to three different features of development viz. 
attainment of occlusion, exfoliation of deciduous molars, and to what is con­
sidered the beginning of the phase of rapid eruption. 
Besides this some changes in position of the P's were analysed with reference 
to attainment of several stages of their tooth formation. For this purpose the 
4-weekly records obtained from the 18 experimental animals mentioned before 
were made use of. Evaluation of the records was carried out according to the 
methods described in Chapter II. Changes in the position of teeth were esti­
mated at 4-weekly intervals and recorded for each animal classified at the mo­
ment that a certain feature of development was observed (week 0). Only pure 
longitudinal data were used. Observational periods were sectioned and limited 
to the essential periods. Findings will be presented in graphs and tables mainly. 
By doing this it was felt justified to limit the text to the essential features. 
1. Changes in the position of the teeth analysed with reference to the 
attainment of occlusion 
It was considered to be of interest to study in how far a change in position of 
the teeth could be observed in the period before and after attainment of occlu­
sion of the pertinent teeth. Furthermore, it was felt to be of importance to 
gain information regarding the question of how much variation in changes in 
position is present within the groups of teeth with the same symbol and between 
the teeth with different symbols. Besides this it was considered meaningful to 
study if changes in position of different teeth are influenced by each other. 
a. Changes in position and inclination of the Pi's, Pi's and Pi's 
It was considered to be of interest to investigate in how far changes in position 
of the P's could be observed in the period of transition of the lower buccal 
segments. Besides the vertical and mesiodistal migration, the changes in incli­
nation were also studied. 
In addition, the changes in the vertical position of the bottom of the sockets 
of the P's were analysed. 
Generally, the observational period ran from 12 weeks before to 12 weeks after 
occlusion was observed to be reached. In each animal the deciduous molars 
were found to have been exfoliated 4 weeks before or at the same moment 
that their successors were seen to be in occlusion. 
The vertical and mesiodistal positions of the Pi's, Pi's and Ps's were esti­
mated by the y- and x-co-ordinates of the reference points nos. 6, 7 and 8 ; the 
mesiodistal inclination of the Pi's, Рг'з and Pa's by the angles А, В and C. The 
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vertical position of the bottom of the sockets of the Pi's, Pz's and Pa's was 
estimated by the y-co-ordinates of the reference points nos. 9, 10 and 11. 
a. 1. Vertical migration. Figs, and Tables: ΙΙΙ-10».ϋ, 11а>ъ, 12а>ь. 
Significant vertical migration in the occlusal direction was observed in all the 
4-week intervals during the period of observation in the three groups of P's, 
except for the Pi's between 0 and 4 weeks and for the Рг'з between 4 and 8 
weeks. The form of the increment curves of the three groups of premolars was 
observed to be rather similar, and they were characterized by rapid migration 
prior to occlusion (averages from 4.9 to 2.0 mm per 4 weeks) and relative little 
vertical migration after occlusion was reached. 
In general the variation of the incremental data decreased considerably after 
occlusion was attained and was fairly constant subsequently. 
In conclusion : The pattern of vertical migration of the three groups of P's was 
quite similar. Rapid vertical migration prior to occlusion was followed by 
considerably less occlusal migration thereafter. 
a.2. Mesiodistal migration. Figs, and Tables: HI-13 a.b, 14a.b, 15 a.b 
With respect to the Pi's no significant change in the mesiodistal position was 
observed in any of the 4-week intervals during the period of observation. 
The Pz's showed significant distal migration from week —12 to —8 and signi­
ficant mesial migration in the intervals from —4 to + 4 and the one from 8 to 
12 weeks. 
Regarding the Pi's, significant mesial migration was observed in all the 4-week 
intervals, except the ones from —12 to —8 and —4 to 0 weeks. 
In conclusion : The pattern of mesiodistal migration showed variation between 
the three groups of P's. Integration of the vertical and mesiodistal migrations 
shows that the Pi's erupted vertically. The Pa's first erupted in a distal direction, 
subsequently vertically and in the mesial direction from 4 weeks before to 
4 weeks after occlusion was reached. The Pa's erupted in the vertical direction 
from 12 to 8 weeks prior to occlusion, and mainly in the mesial direction from 
then on. 
a. 3. Changes in the mesiodistal inclination. 
Figs, and Tables: III-16a.b, 17a.b, 18a.b 
During the period of observation, the mesiodistal inclination of each group of 
P's was observed to change approximately 13 degrees. At the beginning of the 
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observational period the P's were observed to be in a distal inclination, and 
in an almost upright position at the time occlusion was reached. In each group 
of P's significant mesial tipping was observed in one or more 4-week intervals 
between week —12 and 0. 
In conclusion: The P's of all three groups changed from a distal inclination to 
an almost upright position in the period of observation prior to occlusion. After 
occlusion was reached no significant changes in the mesiodistal inclination of 
the P's were observed. 
a. 4. Changes in the vertical position of the bottom of the sockets. 
Figs, and Tables: III-19a.b, 20».6, 21л>ь. 
It was found above that in the period of observation migration of the P's was 
mainly in occlusal direction. It can be evaluated from Figs. III-8a>b><:, 
that in the same period approximately 3/4 of the root length of the P's was 
formed. Root formation of the P's and their vertical migration took place in 
opposite directions. This makes it particularly interesting to study in how far 
changes in the vertical position of the calcified root ends can be recorded. The 
latter however could not be registered on the teleroentgenograms. Therefore 
their positions were estimated by the bottom of the relevant sockets, assuming 
that the root ends may be in a more occlusal position but never will be in a 
more inferior position than the bottom of their sockets. 
Significant changes of the bottom of the relevant three sockets to a more 
occlusal position were observed between 12 and 4 weeks prior to occlusion in 
all groups of P's studied. With respect to the Pa's, the same phenomenon was 
found also in the last 4-week interval prior to occlusion. 
In conclusion: In each group of P's significant occlusal migration of the bottom 
of the sockets was observed during 2 or more 4-week intervals prior to occlusion. 
From this finding it may be concluded that the rate of vertical migration ex­
ceeded the linear rate of tooth formation during certain periods of observation 
prior to occlusion. 
b. Changes in the position of the Mi's and Mг s 
The Mi's were registered from 4 weeks before to 56 weeks after occlusion was 
observed to be reached. In this period the DS II, III and IV were attained in 
each animal, and DS V was recorded in 8 animals. 
The vertical and mesiodistal position of the Mi was estimated by the y- and 
x-co-ordinates of reference point no. 4. 
The Mz's were registered from 16 weeks before to 24 weeks after they were 
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observed to be in occlusion. The period prior to occlusion in general coincided 
with the phase of rapid vertical migration as it was assessed to take place 
(Fig. III-9a>b). In the period after occlusion the DS HI and IV were attained 
in each animal during the 24 weeks of observation after occlusion. 
The vertical and mesiodistal position of the Mz's was estimated by the y- and 
x-co-ordinates of reference point no. 5. 
b . l . Vertical migration. Figs, and Tables: III-22a>b, 23tt>b 
Significant changes in the vertical position of the M's were found in all 4-week 
intervals except two or three, spread over the end of the observational period. 
In the 4-week interval prior to week 0 the M's migrated on the average about 
3 mm. In the following 4-week intervals the average vertical migration was 
considerably less and tended to decrease gradually. 
With respect to the Mi's, significant changes in position were observed from 
16 weeks before to 20 weeks after attainment of occlusion. 
The mean changes in the vertical position of the Мг'з prior to occlusion were 
considerably larger than thereafter. A maximum in vertical migration was ob­
served in the 4-week interval prior to occlusion followed by a sudden decrease 
in the 4-week interval thereafter. The variation prior to occlusion was approxi­
mately twice that observed after week 8. 
In conclusion: As far as could be analysed, the pattern of vertical migration 
of the Μ ι s and Мг'з was fairly similar. The rate of vertical migration prior 
to occlusion was about 3 times larger than thereafter. A sudden decrease was 
observed in the 4-week interval after the attainment of occlusion. The variation 
registered before occlusion was about twice that thereafter. 
b.2. Mesiodistal migration. Figs, and Tables: III-24a.b, 25ft>b 
Both the Mi's and Mi's showed significant mesial migration during several 
4-week intervals after occlusion (approx. 0.4 mm per 4 weeks on the average). 
Significant distal migration was observed in the Mz's in the 4-week interval 
from 8 to 4 weeks before occlusion. The variation observed was fairly constant 
during the whole observational period. 
In conclusion: The pattern of mesiodistal migration of the Mi's and Mi's 
observed, was about similar in the corresponding periods. Significant distal 
migration was observed in the Мг'з from 8 to 4 weeks prior to occlusion. 
Significant mesial migration in the Mi's and Mi's was observed during most 
of the 4-week intervals subsequently. 
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2. Changes in the position of the P's and Mi's analysed with reference to 
exfoliation of the m's 
Prior to the exfoliation of the m's, teeth in the lower buccal segments are as 
a rule in contact with each other. The same holds true for the permanent 
dentition after the transitional period. In many instances a difference exists 
between the mesiodistal diameter of the m's and their successors. That is also 
the case for the sum of the three (see page 11). The sequence of emergence and 
the size differences in mesiodistal dimensions are both of importance for the 
change in position of the neighbouring teeth. 
In 5 of the animals the тг 'з and ma's were observed to be exfoliated at the 
same time. In the other 13 cases the n^'s were seen to have been exfoliated 
4 weeks later than the ma's. In the first situation the space between the Mi's 
and mi's is on the average 2.6 mm larger than needed for the Pz's and Pa's. 
In the second situation the initial average excess is 4.4 mm, the difference be­
tween Pa and ma. 
All mi's were observed to be exfoliated at least 4 weeks after the Pz's had 
reached occlusion. It has to be realized that the figures on tooth dimensions 
given here are averages. A large variation in size differences exist as can be 
seen in Table III-Ca>b.c 
The phenomena indicated above make it interesting to investigate if the me­
siodistal position of the Mi's is influenced by the exfoliation of the mz's and 
ma's. Whether the exfoliation of the тг 'з and ma's exerted an effect on the 
vertical migration of their successors was also studied. 
For both purposes the records of each animal were classified according to the 
moment exfoliation of the ma's and mi's was observed. The observational 
periods ran from 12 weeks before to 12 weeks after exfoliation of the mi's and 
ma's was registered. 
a. Mesiodistal migration of the Mi's. Figs, and Tables: III-26a>b, 27a>b. 
During the periods of observation the Mi's showed significant mesial migration 
in almost every 4-week interval. The rate of mesial migration was observed to 
be rather constant, as was the variation. 
In conclusion: There were no indications observed that the rate of mesiodistal 
migration of the Mi's was influenced by the exfoliation of the ma's and mi's. 
b. Vertical migration of the Pi's and Pa's. Figs, and Tables: 111-28».b, 29».b. 
Significant occlusal migration of the Pa's was found for all intervals observed. 
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In the 4-week interval following the registration of the exfoliation of the ma's, 
the rate of vertical migration of the Pa's was about half that observed in the 
periods before. 
The same phenomena were found for the Pi's, except that no significant mo-
vement was seen in the last interval. 
The form of the increment curves of the Pz's and Pa's was approximately similar 
to the ones found when the data were analysed with reference to attainment 
of occlusion of the relevant teeth. This was to be expected since in 12 out of 
18 cases attainment of occlusion of the Pa's and exfoliation of their predecessors 
was registered at the same moment. In the other 6 cases the time interval was 
4 weeks. For the P2's these numbers are resp. 9 and 7, and in 2 cases 8 weeks 
elapsed between. 
In conclusion : There were no indications that the rate of vertical migration of 
Pi's and Pa's was affected by the exfoliation of their predecessors. The sharp 
decrease in the rate of vertical migration of the Pi's and Pa's observed in the 
4-week interval next to exfoliation of their predecessors is probably related to 
attainment of occlusion of the relevant P's. 
3. Changes in the position of the P's analysed with reference to the attainment 
of stages of tooth formation. Table III-D 
It has already been remarked that the position of the P's could not be recorded 
on the teleroentgenogram prior to stage Rb. Evaluation of the individual curves 
of vertical migration of the P's revealed that in approximately half of the cases 
the Pi's showed an increase in their rate of occlusal migration between attain-
ment of stage Rb and R1/4. The analysis of the data of the Mi's showed that 
the rapid vertical migration of these teeth started shortly after attainment of 
stage Cc. It was felt to be worthwhile to try to extend the information on the 
vertical migration of the premolars to the period prior to stage Rb and to find 
out if a comparable situation existed there. 
For this purpose the intra-oral radiographs were used, and the vertical position 
of the Pi's, Pi's and Pa's was estimated by the distance between the tips of 
their crowns and the reference points nos. 1, 2 and 3 of the m's. The moments 
of observation coincided with the recording of the attainment of the stages 
Q , C1/1, Cc, Rb and R1/4 of the relevant P's. 
The last two periods of observation were also included in the evaluation of the 
teleroentgenograms. This provided a test for the reliability of the work with 
the intra-oral x-rays. Adequate proof was obtained to justify the method used 
and to illustrate its reliability. 
With respect to the Pi's, a slight increase in the distance was observed between 
29 
stage Ci and C1/2. The only significant decrease of the distance to the mTs 
was observed between the attainment of stages Rb and R1/4 (0.01 >p>0.001) , 
with an average of 2.49 mm. 
The P's showed a significant though slight increase in the distance to the mz's 
in the period between the attainment of stage Cc and C]/2 (0.001 > p ) . Signi­
ficant decreases in the distance between the Pa's and the mz's were observed 
in the period between the attainment of stage Cc and Rb, and between the 
attainment of stage Rb and R1/4 (p resp. 0.01 > p > 0 . 0 0 1 and 0.001 > p ) . The 
average decreases were respectively 0.83 mm and 2.48 mm. 
Regarding the Pa's, the only significant change in the position relative to the 
ma's observed, with an average decrease of 1.73 mm, was between the attain­
ment of stages Rb and R1/4 (0.001 > p). 
In all the 3 groups of P's studied the standard deviations belonging to the 
last registrations are considerably larger than the ones preceeding. This indi­
cates a marked increase in the individual variation of the changes in vertical 
position of the P's between stage Rb and R1/4. This corresponds quite well 
with other observations made before. 
In conclusion: No indications of occlusal migration of the Pi's and Pa's prior 
to the attainment of stage Rb and prior to attainment of stage Cc for the Рг'з 
were found. Significant and rapid occlusal migration of the P's was observed 
between attainment of the stages Rb and R1/4· From this and previous findings 
it may be concluded that the phase of increasing rate of vertical migration 
(phase 2) about coincides with the attainment of the stage Rb. 
4. Changes in the position of the P's and Mi's analysed with reference to what 
is considered the beginning of the phase of rapid eruption 
As shown before, the phase of increasing rate of vertical migration (phase 2) 
is situated around the attainment of stage Rb in the P's, and subsequent to 
stage Cc in the Мг'з (Stage Rb could not be determined here). It was considered 
to be of interest to evaluate the variation in the changes of the position of the 
Pi's and Mi s by trying to use a line of reference close to the phase of increasing 
rate of vertical migration. 
For this purpose the changes in the position of the P's were analysed with 
reference to the attainment of stage R1/4, and for the Nb's with reference to 
the attainment of stage Cc, the only stage of tooth formation that could be 
determined in the latter. 
Generally, the observational periods were started 4 weeks prior to the attain­
ment of stage R1/4 of the P's and at the attainment of stage Cc in the Mi's. 
The registrations were continued several weeks after the relevant teeth were 
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observed to be in occlusion. The registrations used for the estimation of the 
changes in the position and mesiodistal inclination of teeth involved, are the 
same as used before. 
The information presented here turned out to be very similar to that given 
where the migrations were analysed with reference to the attainment of occlu­
sion (pages 24, 25 and 27). It is included here mainly because in later experi­
ments the same treatment of data was carried out. There will be frequent refe­
rence to this information in the evaluation of the findings in later chapters. 
a. The changes in the position and mesiodistal inclination of the P's 
a. 1. Vertical migration. Figs, and Tables: III-30a>b, 31a>b, 32a>b. 
Significant occlusal migration in each group of P's was observed during all 
4-week intervals recorded, except for the Рг'з from 16 to 24 weeks. 
In each of the 3 groups of P's rapid vertical migration was observed from 
4 weeks before to 8 weeks after attainment of stage Ri/« (averages from 2.4 to 
4.6 mm per 4 weeks). Subsequently the rate of vertical migration gradually 
decreased and became fairly small and constant in the Pzs and Pj's resp. 12 
and 16 weeks after attainment of stage R1/4. 
In conclusion : It was observed that the increment curves of the vertical migra­
tion of the P's were rather similar in form. Each group of P's showed rapid 
occlusal migration from 4 weeks before to 8 weeks after attainment of stage 
R1/4. The rate of vertical migration gradually decreased and became fairly 
constant subsequently. 
a.2. Mesiodistal migration. Figs, and Tables: III-33a>b, 34a>b, 35a»b. 
With respect to the Pi's, no significant changes in the mesiodistal position 
were observed in any of the 4-week intervals during the period of observation. 
Regarding the Pz's, significant distal migration was found in the 4-week interval 
prior to attainment of stage R1/4. From 16 weeks to 20 weeks after attainment 
of stage R1/4 significant mesial migration was observed. 
The Pa's showed significant mesial migration in the 4-week interval from 4 to 
8 and in the 4-week intervals between 12 and 24 weeks after attainment of 
stage R1/4. 
In conclusion: In the observational period, the pattern of mesiodistal migration 
in each group of P's was observed to be different and corresponded to the 
observations made before (Figs, and Tables: III-13a>b, 14a>b, 15a 'b). 
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а.З. Changes in the mesiodistal inclination. 
Figs, and Tables: III-36a>b, 37a.ь, 38 a . b 
It was observed that, from 8 weeks before to 16 weeks after attainment of 
stage Ri/4, the mesiodistal inclination changed around 13 degrees in each group 
of P's. 
In the beginning of the observational period the P's were distally inclined. 
Significant mesial tipping in each group of P's was observed in several 4-week 
intervals. In the last phase of the observational period, the P's were observed 
to be in an approximately upright position. 
In conclusion : It was observed that during the period of observation each group 
of P's changed from a distal inclination to an approximately upright position. 
b. The changes in the position of the Л/2's 
b. 1. Vertical migration. Figs, and Tables: III-39a>b. 
Significant occlusal migration of the Mj's was found in each of the 4-week 
intervals during the period of observation. 
Three phases of the vertical migration show up very clearly in the incremental 
curve. The period of rapid vertical migration was observed between 8 and 20 
weeks after the attainment of stage Q . The rate of vertical migration observed 
in this period was found to be about twice that observed in the 8 weeks before 
and after. 
In conclusion : The pattern of vertical migration of the Ma's observed, con­
firmed the one evaluated before. 
b.2. Mesiodistal migration. Figs, and Tables: III-40a.b. 
Significant mesial migration of the M^'s was observed in the period from 24 
to 28 and from 32 to 36 weeks after the attainment of stage Cc. 
Although distal migration might have occurred in the period from 4 to 16 
weeks after the attainment of stage Cc, it did not show up significantly in the 
4-week intervals. 
In conclusion: The pattern of mesiodistal migration of the Mz's observed was 
about similar to the one evaluated when the records were classified at the 
attainment of occlusion. 
5. Changes in the position of the m's in occlusion 
Figs, and Tables: III-41a>b, 42 a.b, 43 a . b 
The position of the P's in their first stages of tooth formation have been 
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recorded in relation to the overlying m's. For this and for other reasons it 
was considered to be of interest to evaluate the changes in position in vertical 
direction of the m's, after the attainment of DS I-B and using this stage as 
reference. 
The observational periods of each coincided in general with the periods in 
which the successive stages of tooth formation from stage Ci to stage R1/4 of 
the relevant P's were reached. 
For all of the 4-week intervals significant occlusal migration was found in each 
group of m's. The rate of vertical migration during the observations was rather 
small and fairly constant and was found to be about 0.6 mm in each of the 
4-week intervals. 
The information presented here may be used for the estimation of the rate of 
vertical migration of the P's in relation to the bone of the lower jaw during 
the period of crown formation and some time thereafter. 
In conclusion : It was observed that, during the period of observation, the m's 
migrated slightly occlusally at an approximately constant rate. 
DISCUSSION AND CONCLUSIONS 
A study of the development of the dentition depends greatly on the accuracy 
of the determinations of the position of teeth and the reliability of the estima-
tions to be made in the assessment of the stages of tooth formation and tooth 
resorption. Furthermore, the interval between the observations is of impor-
tance because it is frequently not possible to determine accurately when dis-
continuous changes, as for example exfoliation of deciduous teeth and attain-
ment of occlusion, take place. These factors have to be taken into account in 
considering our findings, as they mainly influence the individual registrations 
and the variations. 
The normal eruption of teeth - including the migration prior to clinical emer-
gence - has been studied longitudinally in humans (Carlson, 1944), and rats 
(Hoffmann and Schour, 1940; O'Brien et al, 1958). The only investigations 
regarding the development of the dentition in mini-pigs found in the literature 
is the one of Weaver et al (1966). They recorded weekly the teeth present in 
the mouth in 55 animals from birth to 6 months of age. This period of obser-
vation and ours overlap only for a few weeks. The information they presented 
on eruption was limited to the recording of clinical emergence. Regarding the 
latter, this displays no discrepancy with our findings in this respect. Further, 
the study of Brash (1928) on pigs, involving the description of the develop-
ment the dentition may be mentioned here. 
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Our material showed clearly that a considerable variation exists in the chrono-
logical ages of tooth eruption and attainment of occlusion in mini-pigs. The 
same holds true for the time intervals between the stages distinguished in dental 
development, the resorption of deciduous teeth, and the formation of the per-
manent teeth. Also a large variation was registered in the time of initiation of 
rapid eruption, and its duration. In sharp contrast to this is the uniformity in 
the sequence of eruption and the great similarity of the individual teeth regard-
ing their vertical migration registered in relation to the attainment of occlusion, 
to what is considered to be the beginning of the phase of rapid vertical migra-
tion, and to the stages of their tooth formation. 
On the basis of observations, described in several sections of this chapter, five 
phases in vertical migration could be distinguished. Due to limitations in the 
period of observations and to restrictions in recording of teeth not all five 
phases could be followed in the majority of teeth studied. However, the inte-
gration of the findings warrants the presentation of these five stages in eruption 
of buccal teeth, with some reservation for phase 1. 
1. a phase of relatively small rate of vertical migration 
2. a phase of increasing rate of vertical migration 
3. a phase of rapid vertical migration 
4. a phase of decreasing rate of vertical migration 
5. a phase of relatively small and rather constant rate of vertical migration 
The relatively small rate of vertical migration of phase 1 could not be observed 
directly. However, it became obvious that the m's migrated slightly occlusally 
at an approximately constant rate. On the other hand the vertical relationship 
between the m's and their successors did not show a noticeable change in the 
period of the crown formation of the P's. Conclusions made from an integration 
of this type of findings have to be made with caution. Therefore our presen-
tation of phase 1 is done with some reserve. For the phases 2, 3, 4 and 5 ade-
quate proof has been presented in this chapter. The correlation between the 
phases of vertical migration on one side, the stage in tooth formation, the 
accelerated eruption and the attainment of occlusion on the other side, is as a 
rule striking. The vertical migration of the Pi's seemed to be relatively advanced 
in comparison to the other P's when tooth formation was used for reference. 
The phases in vertical migration corresponded in general with certain stages in 
tooth formation viz. : 
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phase 1 with the stages Ci, Ci/2, Cc 
phase 2 with the stage Rb 
phase 3 with the stages R1/4 and R1/2 
phase 4 with the stage R3/4 
phase 5 with the stage Re 
Observations on the position of the bottom of the sockets of the P's indicated 
a migration to the occlusal. This means that the eruption of the premolars 
exceeds their concomitant root formation. 
The teeth in the buccal segments are generally in contact with each other in 
the deciduous and permanent dentition, and have an excellent interdigitation. 
In 3 animals bilateral agenesis of the Pi's was found. A considerable variation 
was registered between the mesiodistal diameter of the crowns of the m's and 
their successors. This was not only the case for the individual teeth, but also 
for the sum of them. This may explain the variation noticed in the mesiodistal 
migration of the P's. No evidence was found that it affected the position of 
the M^s. 
The fact that the Pa's and Pi's migrated in the distal direction during their 
eruption may also be correlated with the establishment of a perfect occlusion 
in the permanent dentition with contact between all teeth. 
A comparison of the findings presented in this chapter with data obtained by 
others on mini-pigs is limited to the observations by Weaver et al (1966) as 
indicated above. It may be added here that they noticed a considerable variation 
in the time of clinical emergence of the deciduous teeth in the earlier period 
of life corresponding to that recorded by us for the later ages. 
The pattern of eruption described in this chapter may be compared to obser-
vations made in other species. The data collected by Hoffmann and Schour 
(1940) by means of vital staining, on the migration of the molars of rats, re-
vealed differences in the rate of vertical migration. A period of rapid eruption 
is shown to be present in these animals. However, the indication given by the 
authors that the initiation of rapid eruption starts before the crown is completed 
is not supported by their findings. A careful analysis of their data indicates 
that in their animals rapid eruption probably did not start before the beginning 
of root formation. Their raw data do not conflict with the 5 phases in vertical 
migration presented in this chapter. 
The same holds true for the mixed longitudinal study of the eruption of teeth 
in 5 children covering the range of 3 months to 17 years of age presented by 
Carlson (1944). He observed very little movement during the period of crown 
formation and a rapid phase of eruption later on, that slowed down in most 
teeth when occlusion was reached. 
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It may be mentioned here that the formation of the teeth and its variation 
and the behaviour of their emergence in mini-pigs outlined in this chapter 
resembles greatly the one described for human teeth by Fanning (1961). 
Furthermore the formation of the teeth at the time of emergence in mini-
pigs corresponds strikingly with the average of stage R2/3 given by Gran 
(1962) for human teeth. She made the statement that the emergence of teeth 
appears to be more closely associated with the stage of root formation than 
with the chronological or skeletal age of the child. 
There are more striking resemblances between the human dentition and that 
of the mini-pig. Take, for instance, the agenetic premolars in the lower jaw 
in three animals and the large variation registered in the difference between 
the mesiodistal diameter of the crowns of the deciduous molars and their suc-
cessors, that corresponds closely with the situation observed in humans (Moor-
rees and Chadha, 1962). These points may be considered as additional support 
to the opinion that the mini-pig is one of the best suited animals for the com-
parative study of the development of the dentition in our search for a better 
understanding of these processes in man. However it may be remarked here 
that a comparison between species has to be done with great reserve. This has 
to be taken into account also in the interpretation of the findings presented in 
the following chapters. 
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CHAPTER IV 
PULP EXPOSURE OF DECIDUOUS MOLARS 
Introduction 
It has been suggested that infection of deciduous molars may influence the 
resorption of these teeth and the tooth development and eruption of their 
successors. There are some indications that the effect of early infection might 
be other than that caused by late infection. Accordingly two experiments of 
pulp exposure for the purpose of evoking infection have been carried out. In 
the discussion of the two experiments we first shall deal with the effect of pulp 
exposure on the deciduous molars evaluated in relation to the time of inter-
ference. After that the effect on the tooth development and eruption of their 
successors will be treated, studied in relation to the stage of development of 
the pertinent premolars of the right side. 
A. EARLY PULP EXPOSURE 
In a group of 8 mini-pigs the pulps of the mfs and nu's on the left side of the 
mandible were exposed at a moment when calcification of the successors was 
not yet to be seen. The method of pulp exposure is described in Chapter II. 
An overall survey of the ages and stages of dental development at the moment 
of pulp exposure is presented in Table IV-A and B. The moment of pulp expo-
sure with reference to the attainment of stage Ci and other developmental 
features are delineated in Figs. IV-1, 2. 
In total 9 aspects were studied at 4-weekly intervals by the roentgenological 
method described in Chapter II. All experiments of this and the following 
chapters were carried out on the left side of the mandible. The development 
on the right side as described in Chapter III, served for comparison. Preference 
was given to a presentation of data in mainly graphs and tables. This makes it 
possible to compare the findings easily. Furthermore, by doing this it was felt 
justified to limit the text to the essential points again. 
1. Changes in the individual teeth 
/. Periapical blackening of the mi s and mzs. Figs. IV-3 and Table IV-C 
Infection of the pulps of teeth can spread to their periapical regions. In order 
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to evaluate in how far this was the case in this experiment the intra-oral radio-
graphs were studied. The pertinent periapical areas of the mesial and distal 
roots were inspected and compared with the controls. 
4 Weeks after pulp exposure, in 3 out of 8 mi's and in 3 out of 8 nu's periapical 
blackening at the mesial or the distal root was observed on the left side of the 
mandible. In general the area involved was diffuse and had reached its maxi-
mum size 8 weeks after the pulp exposure. At 20 weeks the periapical blackening 
had disappeared in all these cases. Advanced resorption was observed on each 
of the roots that showed blackening of their periapical area. It may be remem-
bered here that the occurrence of periapical blackening was studied on both 
the mesial and distal roots of the mi's and the mi's. The stages of root resorp-
tion as indicated in Table IV-C were assessed only on one root viz.: the distal 
one of the mTs and the mesial one of the m2's. This explains why in that table 
some cases with periapical blackening are not indicated as having shown ad-
vanced root resorption. 
In conclusion: In some animals the pulp exposures of the mi's and mi's tem-
porarily affected the periapical area of their roots to an observable extent. In 
the cases of periapical blackening advanced root resorption was observed on 
the apex affected. 
2. Secondary dentine deposition in the nti's and mi's. Table IV-C 
In a detailed study of the intra-oral radiographs, secondary dentine deposition 
was observed invariably on the walls of the pulp cavities of all the deciduous 
molars on the experimental and control sides. The impression was gained that 
the rate of deposition on the experimental side was larger than on the control 
side. To study this in more detail the intra-oral radiographs were evaluated 
systematically with reference to the time of pulp exposure. The amount of 
secondary dentine deposition was estimated by the width of the pulp cavities. 
Following this procedure it was observed in all animals that subsequent to pulp 
exposure the rate of secondary dentine deposition of the teeth involved was 
invariably larger on the experimental than on the control side during the whole 
period of observation. Obliteration of the pulp cavities of all mi's and mi's on 
the experimental side was observed several weeks before their exfoliation. No 
obliteration of the mTs and mi's was found on the control side. 
In conclusion: The pulp exposures of the mi's and mi's had a definite effect on 
the internal structure of these teeth. In all animals excessive secondary dentine 
was formed and all pulps were obliterated. 
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3. Resorption of the mi s andm^s. Table IV-C 
On the basis of the observations made above it was considered to be of interest 
to investigate in how far the pulp exposures of the mi's and nu's had influenced 
their root resorption. Changes in the rate of root resorption were evaluated for 
each animal by comparing the stages on the experimental and control sides with 
reference to the time of pulp exposure. 
In 5 out of the 8 mi's and in 4 out of the 8 m2's advanced resorption was ob-
served on the experimental side. The difference in the stages of resorption on 
the experimental and control side was consistent on at least two successive 
observations. In one animal the reversed condition was found. In the other 
animals no differences were observed. 
In conclusion: Pulp exposures of the mi's and ma's may have had some in-
fluence on their rate of resorption. 
4. Exfoliation of the m{s and mzs. Table IV-C 
It may be assumed that differences in the rate of resorption of the mi's and 
ma's as observed in a number of cases may influence their moment of exfolia-
tion. For this, in each animal, the time of exfoliation of the mi's and ma's on 
the experimental and control side were compared for the occurrence of diffe-
rences and correlated to the resorption findings mentioned above. 
In 3 out of the 8 mi's and in 3 out of the 8 ma's exfoliation on the experimental 
side was registered 4 weeks earlier than on the control side. In the other cases 
no differences were found. No relation was observed between the rate of re-
sorption and the time of exfoliation. 
In conclusion: In some animals the pulp exposures of the mi's and ma's may 
have advanced their time of exfoliation. In this no relation was found with the 
rate of resorption. 
5. Tooth formation of the P I ' J andP^s. Table IV-C 
It has been shown before that in the mini-pig the tooth germs of the premolars 
in the mandible are situated close to the roots of their predecessors. One may 
assume that disturbances in the environment of the tooth germ can influence 
its process of formation. It was considered to be of interest to investigate in 
how far the pulp exposures of the mi's and ma's had an observable effect on 
the rate of tooth formation of the Pi's and Pa's. First the data were analysed 
with reference to the time of pulp exposure by which no significant difference 
was found. Furthermore, an evaluation was made with reference to the tooth 
formation of the successors. For that purpose the records of each animal were 
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classified at the time of attainment of the successive stages of tooth formation 
of the Рг'з on the control side. The sign test was applied. 
Evaluation of the data revealed no sigmficant differences between the time of 
attainment of the stages of tooth formation of the Pi's and Pa's on the experi­
mental and control sides at any of the moments of observation during the 
whole experimental period. 
In conclusion: The early pulp exposure of the mi's and mi's did not have a 
noticeable effect on the rate of tooth formation of their successors. 
П. Statistical analysis of the data on the changes in position of the premolars, 
succeeding the deciduous molars with early exposed pulps 
For this purpose several times can be used for classification purposes viz. : 
1. the date of birth 
2. the time of attainment of occlusion of the relevant premolars 
3. the time the pulp exposure was carried out 
4. the time of attainment of corresponding stages of tooth formation of the 
relevant premolars. 
On the basis of the information obtained in Chapter III and after some preli­
minary experimenting with the data obtained, preference was given to statisti­
cal analysis of the data obtained from the experimental and control sides with 
reference to dental development. For classification purposes preference was 
given to the time of attainment of the stage R1/4 of tooth formation of the rele­
vant P's on the control side (hereafter referred to as week 0). Evaluation of the 
individual data had revealed that in practically all animals attainment of stage 
R1/4 of the corresponding P's on the left and right sides was recorded at the 
same moment of observation. On a total of 46 paired observations only in 
3 cases a difference of 4 weeks was recorded. It was felt that this formed quite 
an acceptable basis on which to classify the data in experiments of the type 
dealt with. 
It may be remembered here that the bifurcation of the premolars was used 
for measuring purpose on the teleroentgenograms, because in many animals 
this was the only reliable reference point available. In consequence the first 
measurement made on the premolars more or less depended on their stage of 
development, which coincided about with the stage Rb as it was recorded on 
the intra-oral radiographs. All premolars were recorded at least 4 weeks prior 
to the time of attainment of the stage R1/4 (here after referred to as week —4). 
So in general the first registration was in the period when, on the basis of pre­
vious findings, the phase of rapid eruption was expected to be started. The 
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4-weekly observations could in most cases be continued till the moment the 
pertinent premolars had reached occlusion (Figs. IV-1, 2). 
Although it was aimed to time comparable experiments in the various animals 
at corresponding stages of dental development, it may be mentioned here that 
frequently the proper moment was difficult to determine and that beforehand 
a variation was to be expected. 
So it later transpired that the pulp exposures of the nn's and nu's had been 
carried out in a period from 4 to 16 weeks and from 4 to 8 weeks prior to the 
time of attainment of the stage Q of the Pi and P2 respectively on the right 
side (Figs. IV-1, 2). 
The 4-weekly records of the Pi's and Рг'з were analysed from 4 weeks before 
(week —4) till 16 weeks after the time of attainment of the stage R1/4 of resp. 
the Pi and P2 on the right side. 
At week 16, in 5 cases the Pi's on both sides of the mandible were observed 
to be in occlusion. In one case the P^s reached occlusion at week 24. The 
Pi's of animal no. 24 were still not observed to be in occlusion at the time the 
animal was sacrificed. In animal no. 25 the stage R1/4 of the PiR had not been 
registered, and in consequence its records could not be classified (Fig. IV-2). 
With respect to the Pz's, at week 16 the Рг'з were observed to be in occlusion 
in 6 cases, and in all of them at week 28. First the aspects studied in the Pz's 
will be dealt with. 
1. Vertical migration of the Pi's. Figs, and Tables: IV-4a'b 
It has been shown before, that during the period of rapid eruption the migration 
of the teeth in the buccal segments is mainly in the vertical direction. Therefore 
it was considered of particular interest to study the effect of the early infection 
of the mz's on the vertical migration of the successors. 
At week 12, the Рг'в on the experimental side showed a significantly lower 
position than the controls (0.05>p>0.01). No other significant differences 
were recorded. 
In conclusion: In the cases of early pulp exposure of the n^'s, a significant 
temporary lower position of their successors was observed. The ultimate vertical 
position of the successors was not effected to a noticeable extent. 
2. Mesiodistal migration of the P2S. Figs, and Tables: І -5Л>Ъ 
The occurrence of disturbances in the root areas of the deciduous molars may 
influence the position of the germs of the successors and subsequently their 
path of eruption. With this in mind the mesiodistal migration of the successors 
of the infected m^'s was investigated. 
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Evaluation of the 4-weekly observations did not reveal significant differences 
in the mesiodistal position of the Pz's on the experimental and control side. 
With respect to the incremental data, also no significant differences were found. 
In conclusion : The early pulp exposure of the тг 'з did not noticeably affect 
the mesiodistal migration of their successors. 
3. Mesiodistal inclination. Figs, and Tables: /F-6a>b 
It was found above that during the vertical migration the inclination of the 
Pa's changed significantly. It was considered to be of interest to evaluate in 
how far the early pulp exposure of the ma's affected the change in mesiodistal 
inclination of their successors. 
The 4-weekly observations and the 4-weekly incremental data were evaluated. 
Regarding both, no significant differences were observed between the mean 
values obtained on the experimental and control side during the whole period 
of observation. 
In conclusion: The early pulp exposure of the ma's did not noticeably affect the 
changes in the mesiodistal inclination of their successors. 
4. Vertical migration of the bottom of the socket of the Pz's 
Figs, and Tables: IV-7a'b 
As indicated above, no difference was observed in the rate of tooth formation 
of the Pa's on the experimental and control side. However, the rate of vertical 
migration of the Pa's was significantly affected following the early pulp expo­
sure of their predecessors. Since the root formation was assessed by the amount 
of root length calcified, the combination of these findings made it of interest 
to study if differences could be detected in the vertical position of the bottom 
of the pertinent sockets on the experimental and control sides during the 
corresponding period. 
With this in mind the vertical migration of the bottom of the sockets of the 
pertinent roots was investigated. 
At week 12, a significantly lower position of the bottom of the sockets of the 
Pa's on the experimental side was observed (0.05>p>0.01). At the other 
4-weekly observations no significant differences were revealed. These findings 
were reflected in the 4-weekly incremental data. 
From week 8 to 12, the rate of vertical migration of the bottom of the sockets 
of the Pa's on the experimental side was significantly smaller than on the control 
side (0.05>p>0.01). During the 4-weekly period following, from week 12 to 
16, the reversed condition was observed (0.05 > ρ > 0.01). 
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In conclusion : A significant temporarily lower position of the Pz's on the ex­
perimental side was accompanied by a corresponding lower position of the 
bottom of the socket of their roots. 
J. Changes in position of the Pi s 
The same procedures were followed for the Pi's is described for the Рг'з. 
Statistical analysis of the measurements used as an assessment of the changes 
in position of the Pi's following the pulp exposure of their predecessors did not 
reveal significant differences in the corresponding mean values obtained on the 
experimental and control side for all the aspects studied during the whole 
period of observation. 
In conclusion: The early pulp exposure of the mi's did not have a noticeable 
effect on the rate and direction of eruption nor on the mesiodistal inclination 
of their successors, during the period studied. 
B. LATE PULP EXPOSURE 
Introduction 
In the same 8 mini-pigs used in the previously described experiment, the pulps 
of the ma's on the left side of the mandible were exposed, at a moment that 
was aimed to be coincident with the phase of increasing rate of vertical migra­
tion of the Pi's. 
This is subsequent to the attainment of the stage Cc and probably coincides 
approximately with the stage Rb. An overall survey of the ages and stages of 
dental development at the moment of pulp exposure is given in Table IV-D. 
The moment of pulp exposure with reference to the time of attainment of stage 
Ri/4 of the PaR's and other developmental features, is presented in Fig. IV-8. 
In total 9 different aspects were studied, corresponding to the ones in the pre­
vious part of this chapter, using the same methods. 
1. Changes in the individual teeth 
1. Periapical blackening of the mi's. Table IV-E 
The intra-oral radiographs obtained on the experimental side were compared 
with the controls for the occurrence of periapical blackening. There were no 
indications of blackening in the periapical areas of the ma's in any of the 
animals, during the whole period of observation. 
In conclusion: The late infection of the m3 's did not cause an observable 
blackening of their periapical areas. 
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2. Secondary dentine deposition in the m^s. Table IV-E 
As mentioned before, secondary dentine deposition was observed invariably 
on the walls of the pulp cavities of the deciduous molars on both sides of the 
mandible. 
Systematic evaluation of the intra-oral radiographs revealed a larger rate of 
secondary dentine deposition on the walls of the pulp cavities of all the ma's 
on the experimental side following pulp exposure. Obliteration of the pulp 
cavities of the ma's was observed on the experimental side in two animals. 
In conclusion : The late pulp exposures of the ma's had a clear effect on the 
internal structures of these teeth, and resulted in a significantly increased se-
condary dentine deposition. 
3. Resorption of the m^s. Table IV-E 
Following the pulp exposure, in 3 animals delayed resorption of the ma's was 
observed. These differences in the stage of root resorption between the experi-
mental and control sides continued over at least 12 weeks. In 2 animals the 
reversed condition was observed. In 3 animals no differences in this respect 
were found during the whole experimental period. 
In conclusion: The late pulp exposure of the ma's did not have a systematic 
effect - if any - on their rate of root resorption. 
4. Exfoliation of the mjs. Table IV-E 
In 2 animals the ma's on the experimental and control side were observed to 
be exfoliated at the same time. This was 4 weeks earlier for the ma's on the 
experimental side. In three animals (nos. 20, 23 and 24) the ma's on the experi-
mental side were exfoliated resp. 20, 16 and 8 weeks later than their controls. 
In conclusion : The late pulp exposure of the ma's may have in some cases con-
siderably delayed their time of exfoliation. 
5. Tooth formation of the Pi's. Table IV-E 
With reference to the time of pulp exposure no significant differences were ob-
served between the stages of tooth formation of the Pa's on the experimental 
and control sides (all p-values >0.5). 
As before the data were in addition analysed with reference to the stage of 
tooth formation of the Pa's on the right side. Also by this method, no significant 
differences between the stages of tooth formation on the experimental and 
44 
control side could be found at any of the times of observation during the whole 
experimental period (all p-values > 0.5). 
In conclusion : The late pulp exposure of the тз 'з did not have a noticeable 
systematic effect on the tooth formation of their successors. 
П. Statistical analysis of the data on the changes in the position of the 
premolars succeeding the deciduous molars with late-exposed pulps 
This also was carried out with reference to the time of attainment of the stage 
Ri/4 of the premolars on the control side, facilitating the comparison of findings 
obtained from different experiments with reference to corresponding stages of 
development of the pertinent teeth. Regarding the moment of pulp exposure, 
it turned out later that in 3 cases the stage R1/4 of the PaR's was reached after 
4 weeks, in 2 cases after 8 weeks, in 2 cases after 12 weeks and in one case after 
16 weeks (Fig. IV-8). As said before, the proper moment was difficult to deter­
mine and beforehand variation was to be expected. 
It can be found from Fig. IV-8 that at week 16 in 5 cases the Рз'в on both sides 
of the mandible were observed to be in occlusion and in two cases only the 
Pa's on the right side. The P3L of animal no. 20 was still not observed to be in 
occlusion at the time the animal was sacrificed. 
1. Vertical migration of the P3S. Figs, and Tables: І -9Л>Ъ 
At week 12 and 16 the Pa's on the experimental side were significantly lower 
positioned than their controls (0.05 > ρ > 0.01). For the other observation 
times no significant differences were found. 
With respect to the incremental data, the Pa's on the experimental side showed 
a significantly smaller rate of vertical migration than their controls, from week 8 
to week 12 (0.05>p>0.01). For the other 4-week intervals no significant dif­
ferences were observed. 
In conclusion : Following the late pulp exposure of the ma's, a temporary de­
crease of the rate of vertical migration of their successors and a lower position 
of these teeth at week 12 and 16 was observed. The period of decreased eruption 
corresponded in time to the one observed for the Pz's, following early pulp 
exposure of their predecessors. 
2. Mesiodistal migration of the Pi's. Figs, and Tables: IV-10*>b 
At week 4, the Pa's on the experimental side were in a significantly more distal 
position than the ones on the control side (0.01 >p>0.001) . No significant 
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differences were found at any of the other 4-weekly observations recorded. 
Regarding the incremental data, no significant differences were observed. 
In conclusion : The late pulp exposure of the mj's was associated with a tempo­
rary distal displacement of their successors. 
3. Mesiodistal inclination of the P3S. Figs, and Tables: І -11&<Ъ 
In both groups of teeth observed, the average inclination changed about 12° 
during the period of observation. The statistical analysis of the data revealed 
no significant differences in the inclination between the Pa's on the experimental 
and control sides at any of the 4-weekly observations. The analysis of the chan­
ges in the inclination of the Ps's revealed significant more mesial tipping of 
the Ps's on the experimental side than on the control side from week 0 to 4 
(0.05>p>0.01). From week 4 to 8 the reversed condition was found. In the 
latter the Рз'8 on the experimental side tipped significantly less mesially than 
on the control side (0.05>p>0.01). 
In conclusion: The late pulp exposure of the ma's temporarily affected the 
changes in the mesiodistal inclination of their successors. 
4. Vertical migration of the bottom of the socket of the Pi's. 
Figs, and Tables: IV-lfr* 
Evaluation of the 4-weekly observations revealed that at week 16 the bottom 
of the sockets of the Pa's on the experimental side was significantly lower po­
sitioned than on the control side (0.05>p>0.01). Regarding the other 4-
weekly observations and with respect to the incremental data, no significant 
differences were found. 
In conclusion : A significantly lower position of the Pa's on the experimental 
side at week 16 was accompanied by a significantly lower position of the bottom 
of the sockets of their roots. 
DISCUSSION AND CONCLUSIONS 
In the experiments described in this chapter it was aimed to cause an infection 
of the pulp tissues that should spread out to the periapical regions. No evalua­
tion was made as to how far this goal was reached and if the exposure was 
indeed followed by infection and if so, how long this lasted and how intensive 
it was. The impression is gained that this effect was limited in a number of 
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cases. Furthermore, infections that showed up seemed to be followed by a more 
or less complete healing. Comparable observations were made by Binns (1967) 
on dogs and Kaplan (1967) on apes. These animals and the mini-pigs seem to 
have a certain resistance to infection of the deciduous teeth when it is artificially 
induced by pulp exposure. 
From clinical observations on humans one gains the impression that many in-
fections of pulps of deciduous teeth do result in periapical reaction. It should 
be realized however that these are caused in the majority of cases by extensive 
carious lesions involving the continuous presence of many pathogenic agents 
before and after the initiation of pulp infection. This may not be expected to 
be the case in experiments in animals as discussed in this chapter. Furthermore 
there are other factors that may be of importance in this regard. Mention is 
made of differences in the anatomy of the pulp cavities, the roots and their 
surrounding tissues and the possible difference in internal resistance to this type 
of infections. 
The literature contains several reports with respect to disturbances in the pro-
cess of tooth formation of permanent human teeth underlying infected prede-
cessors (Turner, 1907; Morningstar, 1937; Bauer, 1946). In particular, distur-
bances in the amelogenesis have been reported. However one has to realize 
that in many cases traumatic effects were involved. Furthermore these reports 
usually lack adequate proof and assume unsupported cause and effect relation-
ships. Besides, there are other factors than the impugned infections of prede-
cessors that play a role in the formation of permanent teeth. 
Binns et al (1967) observed in dogs damage of the enamel in 3 of 49 teeth fol-
lowing experimental pulp exposure of deciduous predecessors. A comparable 
experience was gained by Kaplan et al (1967) on Rhesus monkeys. The experi-
ments described in this chapter did not result in an observable damage to the 
underlying succedaneous teeth. Also no observable change in the rate of tooth 
formation of the P's following early or late infection of their predecessors was 
revealed and this finding corresponds to the observations of Fanning (1962) 
in clinical human cases. 
Impaction and ectopic eruption, rotations and changes in the axial inclination 
of permanent teeth have been related to infected predecessors in humans 
(Shiere et al, 1961 ; Kirnet al, 1960; Hitchin, 1966). In our experiment no indi-
cations of impaction or ectopic eruption were observed. Rotations and deflec-
tions could not be evaluated with the method discussed in this chapter. How-
ever observations to be presented later on did not indicate any abnormality in 
the sense described. Only changes in the mesiodistal inclination were observed 
following late infection of the ma's and then of a temporary nature. 
The literature available on the influence of infected deciduous teeth on their 
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resorption and the eruption of their successors is mainly limited to the presen­
tation of selected clinical human cases (Fanning, 1962; Lauterstein et al, 1962; 
Korf, 1965). Accelerated resorption of the deciduous teeth and delayed or acce­
lerated eruption of their successors are reported. The infections discussed in 
these reports resulted from carious lesions or traumata and were followed by 
extraction, root canal treatment or premature exfoliation of the deciduous 
teeth involved. As far as we know, controlled experiments relevant to the 
aspects discussed in this chapter have not been presented. 
Our experiments indicated that in mini-pigs the infection of deciduous molars 
may temporarily decelerate the rate of vertical migration and change the direc­
tion of the eruption of permanent teeth to some extent. The decrease observed 
in vertical migration of premolars coincided more or less with the exfoliation 
of these teeth and was of a temporary nature. An acceptable explanation as to 
why the eruption following the early and late pulp exposure was temporarily 
delayed cannot be given. It may be that changes in the connective tissue of 
the dental sac play some role in the early pulp exposure experiments. It has 
been said that the connective tissue of the dental sac changes from loose to a 
dense structure in the presence of periapical infection of the predecessors 
(Kaplan, 1967). This however still does not explain the different effects observed 
after early exposure of the mi's and тг'з. The rate of eruption of the Pz's was 
significantly decreased ; the rate of eruption of the Pi's was not affected to a 
noticeable extent. 
Fanning (1962) and McCormick et al (1967) reported in humans the accelerated 
occlusal migration of permanent tooth germs into unoccupied spaces resulting 
from periapical bone destruction in a limited number of cases following early 
infection of the mTs and mi's. Although the position of their successors was 
not registered at this time, it may be assumed that the occurrence of changes 
in position would show up later. Our data did not indicate changes in this 
respect. 
The differences in observations regarding the effect of pulp exposures in mini-
pigs and infection of deciduous molars in humans may have something to do 
with the different course of the gubernacular canal. This facet is also of interest 
for the comparison of extraction experiments to be presented in the next chap­
ter. The significance of the gubernacular canal for both types of experiments 
will be dealt with in the General Discussion (Chapter VIII). 
It was felt that the late exposure of the ma's distal of the nu's, and the subse­
quent changes in eruption of the Рз'з probably may have exerted certain in­
fluences on the eruption of the Рг'з. The Рг'з erupted in close relation with the 
ma's and occupied part of the space available after exfoliation of these teeth. 
Further it may be mentioned here that the pulp cavities of the n^'s were obli-
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terated several weeks before changes in the rate of eruption in this area were 
observed. 
As indicated before it is questionable in how far the experimental pulp expo-
sures of the m's were effective in causing infection of their pulps and subse-
quently in the periapical areas. The consequence is that the observations pre-
sented in this chapter do not warrant definite conclusions regarding the influ-
ence of infected deciduous molars on the tooth formation, eruption and dis-
placement of their successors. On the other hand the increase in the rate of 
secondary dentine deposition invariably observed in the m's involved, indicates 
that pulp exposures had affected the pulps definitely to a certain extent. Further-
more the observations of advanced root resorption may be related to periapical 
infection (Obersztijn, 1963; Kaplan, 1967). 
To avoid misunderstanding it may be repeated that the pulp exposures were 
made on the buccal surfaces of the crowns of the m's. Consequently no arti-
ficial reduction in crown height of the m's took place, that could result in a 
change in position of those teeth and subsequently of their successors. 
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CHAPTER V 
EXTRACTION OF DECIDUOUS MOLARS 
Introduction 
In the previous chapter it was demonstrated that the pulp exposure of deciduous 
molars had, among other things, a certain effect on the eruption of their suc­
cessors. There are a number of factors that suggest that extraction of deciduous 
molars also may have an influence in this respect. 
As before, it was assumed that some relation may exist between the moment 
of interference and the effect. Therefore this experiment is also divided in two 
parts : the early and late extraction of deciduous molars. 
A. EARLY EXTRACTION 
The experiment presented here was designed particularly to investigate the ef­
fect of the early extraction of deciduous molars on the tooth development and 
eruption of their successors. For this purpose in a group of 10 mini-pigs, not 
involved in the pulp exposure experiments, the mz's were extracted at a moment 
when calcification of the crown of the successors was not yet observed. The 
method of extraction is described in Chapter II-C. The ages and stages of dental 
development at the time of extraction are presented in Table V-Α. The time 
of extraction with reference to the attainment of stage Ci and R1/4 of the cor­
responding permanent teeth in the control side, and other developmental fea­
tures is delineated in Fig. V-I. 
A number of aspects studied in the present experiment are similar to the ones 
investigated in the previous chapter. Further, the influence of the early extrac­
tions on the mesiodistal migration of the teeth distal of them, and on the tooth 
formation and clinical emergence of their successors, was studied. The latter 
aspects are dealt with first. All observations are analysed with reference to the 
stage R1/4 of the PaR's with exception of the recordings of the mesiodistal 
migration of the ma's. 
I. Changes in the individual teeth 
1. Tooth formation of the Pz's 
In the previous chapter it was found that the early pulp exposure of the mi's 
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and mi's did not have a noticeable effect on the tooth development of their 
successors. It was considered to be of interest to investigate this also in the 
early extraction of the mj's. 
For this purpose the records were first analysed with reference to the time of 
extraction, and subsequently with reference to the time of attainment of the 
successive stages of tooth formation of the Рг'з on the control side. The 
sign-test was applied. 
With both methods no significant differences were found in the rate of tooth 
formation of the Рг'з on the experimental and control sides at any of the mo­
ments of observation during the whole period (all p-values > 0.5). 
In conclusion: The early extraction of the nru's did not have a noticeable effect 
on the rate of tooth formation of their successors. 
2. Clinical emergence of the P^s. Table V-B 
The time of clinical emergence is the oldest criterion used for the evaluation 
of tooth eruption and has as such been widely used. The information obtained 
on the presence of teeth in the mouth at the 4-weekly observations are 
analysed with reference to the attainment of stage R.1/4 of the Рг'в on the 
control side. 
It has to be realized that, here too, the moment that the emergence was observed 
to have been taken place can deviate considerably - and up to almost 4 weeks -
from the real emergence. 
In 4 cases the clinical emergence of the Рг'з on the experimental and control 
side were recorded at the same moment. The clinical emergence of the Pi's on 
the experimental side was registered 4 weeks later than on the control side in 
4 cases, 8 weeks later in 1 case and 4 weeks earlier in another case. 
In conclusion : Following the early extraction of the m^s, no systematic effect 
was observed on the clinical emergence of their successors. 
3. Mesiodistal migration of the mis following the early extraction of the mis 
in front of them 
In the mini-pig the teeth in the buccal segments are - as outlined before - in 
contact and support each other. 
The study of the normal development described in Chapter III showed that 
the buccal teeth, which had attained occlusion, migrated continuously to the 
mesial. This brought up the question in how far the early extraction of the 
n^'s has an effect on the mesiodistal migration of the teeth distal to them. 
Changes in the position of the nu's then could further influence the eruption 
of the Pj's. 
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For this purpose the mesiodistal position of the ma's was estimated by the 
x-co-ordinates of reference point no. 3, and the records were classified by the 
time of extraction of the maL's. 
Evaluation of the data did not reveal significant differences in the mesiodistal 
displacement of the ma's on the experimental and control side at any of the 
7 times of observation. Regarding the incremental data, also no significant 
differences were found during any of the 4-week periods. 
In conclusion: The early extraction of the nu's did not have an observable 
effect on the mesiodistal displacement of the ma's distal of them. 
П. Statistical analysis of the data, on the changes in the position of the 
premolars, succeeding the early extraction of the deciduous molars 
On the basis of the same considerations as outlined in Chapter IV, here too the 
statistical analysis of the data indicating the changes in position of the Pz's was 
carried out with reference to the time of attainment of stage R1/4 of the РгЯ 
With respect to the moment of extraction of the mzVs a comparable variation 
in tooth formation had to be expected as indicated in the previous chapter. It 
turned out later that in 2 cases the Pz's had reached the stage Q after 4 weeks, 
in 6 cases after 8 weeks and in 2 cases after 12 weeks (Fig. V-l). 
The period of observation was from 4 weeks before the attainment of stage 
R1/4 of the P2R (week —4) till 16 weeks thereafter (week 16). In 7 cases the 
Pz's on both sides of the mandible were observed to be in occlusion at week 16. 
This was registered for the Рг'з in all 10 cases at week 20. No significant diffe­
rence in the time of attainment of occlusion was observed. 
1. Vertical migration of the Pi's. Figs, and Tables: -2Я>Ь 
At each of the 6 moments of observation, the Pz's on the experimental side were 
significantly lower positioned than their controls (all p-values: 0.01 > ρ > 0.001). 
Evaluation of the 4-weekly incremental data revealed a significantly smaller 
rate of vertical migration of the Pa's on the experimental side than on the con­
trol side from week —4 to week 0 (0.05 > ρ > 0.01). 
Regarding the other periods no significant differences were observed. 
In conclusion : It was found that the early extraction of the mi's resulted in a 
significantly lower position of their successors during the whole period of ob­
servation. The rate of vertical migration was temporarily decreased in the be­
ginning of the period of rapid eruption. 
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2. Mesiodistal migration of the Pz's. Figs, and Tables: F-5a>b 
It was mentioned before that the germs of the Pz's are situated close to the 
roots of the n^'s. Furthermore it has to be noted, that for the late extraction 
experiments the maL's were extracted before the period of observation under 
discussion here. The msL's had been eliminated between 16 and 8 weeks before 
the time of attainment of the stage R1/4 of the PzR's (compare Figs. V-l and 
V-6). With this in mind, the changes in the mesiodistal position of the Рг'з 
were investigated. 
At each of the 4-weekly observations, the Pa's on the experimental side were 
significantly more distally positioned than their controls (for p-values see 
table V-3a). 
With respect to the incremental data no significant differences were found during 
any of the 4-week periods in the whole period of observation. 
In conclusion : The early extraction of the ma's, followed later on by the late 
extraction of the ma's, resulted in a significantly more distal position of the 
Pa's during the whole period of observation. 
3. Mesiodistal inclination of the /Yi. Figs, and Tables: -4Я>ь 
The average inclination of the teeth on the right side changed about 12° during 
the period of observation and on the left side about 18°. At week —8, 4 and 
8, the Ps's on the experimental side were significantly more distally inclined 
than their controls (p resp. : 0.01 > ρ > 0.001 ; 0.05 > ρ > 0.01 ; 0.05 > ρ > 0.01). 
These observations were reflected in the incremental data. From week 4 to 8, 
and from week 8 to 12, the change in the mesiodistal inclination was signifi­
cantly larger on the experimental side than on the control side (0.05 > 
ρ > 0.01). During the other 4-week periods no significant differences in the 
changes of the inclination were observed. 
In conclusion: The early extraction of the ma's followed later on by the late 
extraction of the nu's resulted in a significant temporary distal tipping of the 
Pa's. 
4. Vertical migration of the bottom of the sockets of the Pis. 
Figs, and Tables: F-5a>b 
It was observed above that following the early extraction of the ma's the rate 
of tooth formation of their successors was not affected to a noticeable extent. 
However, the vertical position of the Pa's was significantly affected. As before, 
this brought up the question of to what degree differences could be detected 
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in the vertical positions of the bottom of the pertinent sockets on the experi­
mental and control sides. 
A significantly lower position was recorded on the experimental than on the 
control side at week —4, 0, 4, 8 and 12 (for p-values see Table IV-5a). At 
week 16 no significant difference was observed. 
Concerning the incremental data, no significant differences were found during 
the whole period of observation. 
In conclusion : The significantly lower position of the Pa's on the experimental 
side at all moments of observation was accompanied by a corresponding lower 
position of the bottom of the sockets of their roots in all registrations except 
the last one. 
B. LATE EXTRACTION 
Introduction 
In the same group of 10 mini-pigs used to investigate the effect of early extrac­
tions, the mjL's were extracted at a moment that was aimed to be coincident 
with the phase of increasing rate of vertical migration. 
This moment is subsequent to the attainment of stage Cc, and probably about 
coincides with the stage Кь- An overall survey of the ages and stages of dental 
development at the moment of extraction is presented in Table V-C. The mo­
ment of extraction with reference to the time of attainment of the stage R1/4 
of the PsR's and other developmental features is delineated in Fig. V-6. In 
general, the same aspects were studied and the same methods are used as in 
the preceeding experiment. 
I. Changes in the individual teeth 
/. Tooth formation of the Pi's. 
As before, the observations were first analysed with reference to the time of 
extraction and subsequently with reference to the time of attainment of the 
successive stages of tooth formation of the PaR's. For this purpose the records 
were classified as described before. The t-test was applied. 
By both methods, no significant differences between the stages of tooth for­
mation on the experimental and control sides could be found at any of the 
moments of observation during the whole experimental period (all p-values 
> 0.5). 
In conclusion: The late extraction of the ma's did not have a noticeable effect 
on the rate of tooth formation of their successors. 
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2. Clinical emergence of the PJs. Table V-D 
Application of the sign-test revealed a significant difference in the time of cli­
nical emergence between the Ps's on the experimental and control sides ( p = 0.05). 
In 9 out of 10 cases the clinical emergence of the Рз'з on the experimental side 
was recorded earlier than on the control side. In one case no difference was 
found. 
In conclusion: The late extraction of the ma's resulted in a significant advance­
ment of the clinical emergence of their successors. 
3. Mesiodistal migration of the Mi's following the late extraction of the тзз in 
front of them. Figs, and Tables: F-7a>b 
The mesiodistal migration of the Mi's was investigated with reference to the 
moment of extraction of the ma's (week 0). The observations were continued 
till all the Ps's on both sides were in occlusion (week 20). 
Evaluation of the data revealed no significant differences in the position of the 
Mi's at any of the 6 times of observation. On the other hand the incremental 
data showed a significant difference in the mesiodistal migration between the 
Mi's on the two sides in the 4 weeks following the extractions (0.01 > ρ > 0.001). 
The displacement of Mi's on the experimental side was in the mesial direction. 
A great individual variation in the amount of displacement was found. It may 
be remarked that the longitudinal treatment of incremental data can present 
information and result in findings that sometimes cannot be registered in an 
other approach as is the case here. 
In conclusion: The late extraction of the mj's is promptly followed by a signi­
ficantly mesial displacement of the MTs distal of them during the first 4 weeks 
after the extraction. However, there were no indications that the ultimate me­
siodistal position of the Mi's between both sides was different. 
Π. Statistical analysis of the data on the changes in the position of the 
premolars, succeeding the late extraction of deciduous molars 
Again the statistical analysis of the data indicating the changes in position of 
the Ps's was carried out with reference to the time of attainment of stage R1/4 
of the P3 on the control side (week 0). 
With respect to the moment of extraction of the maL's, it turned out later in 
5 of the 10 cases that the stage R1/4 of the P3R was reached after 4 weeks, in 
4 cases after 8 weeks and in one case after 12 weeks (Fig. V-6). The observatio­
nal period runs from 4 weeks before the attainment of the stage R1/4 (week —4) 
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of the PjR's till 12 weeks thereafter, when the Pj's were observed to be in 
occlusion (except the Pa's of animal no. 18). 
1. Vertical migration of the P3S. Figs, and Tables: -8Л>Ь 
No significant differences between the vertical position of the Pa's on the ex­
perimental and control sides were found at week —4, 8 and 12. The registra­
tions at week 0 and 4 showed a significantly higher position of the Pa's on the 
experimental side (p resp. 0 .05>p>0.01 and 0.01 >p>0.001) . This finding 
is reflected in the incremental data and shows up in more detail here. In the 
4-weekly period prior to the first registration of stage Ri/« of the Pa's a signi­
ficantly larger vertical migration (average 2.22 mm) was observed in this res­
pect. From 4 to 8 weeks the Pa's on the experimental side showed a significantly 
smaller vertical migration. No significant difference was found from 0 to 4 and 
from 8 to 12 weeks. 
In conclusion: The late extraction of the ma's resulted in an initial increase 
followed later on by a relative decrease in the rate of vertical migration of 
their successors. Regarding the ultimate vertical position of the Pa's, no signi­
ficant difference was observed. 
2. Mesiodistal migration of the P3S. Figs, and Tables: -9Л<b 
At week 4 and 8, the Pa's on the experimental side were significantly more dis-
tally positioned than the controls (p resp. 0.05 > ρ > 0.01 and 0.01 > ρ > 0.001). 
The incremental data indicated that the Pa's on the experimental side moved 
significantly less to the mesial in the period from 0 to 4 weeks (0.05 > ρ > 0.01). 
Regarding the other periods no significant differences were found. 
In conclusion: The path of eruption of the Pa's was affected temporarily by the 
late extraction of the ma's. The displacement was in the distal direction. 
3. Mesiodistal inclination of the Pi s. Figs, and Tables: K-/0a>b 
In both groups of teeth observed the average inclination changed about 9° in 
the experimental period. 
The statistical analysis of the data revealed no significant differences in the 
mesiodistal inclination of the Pa's between the experimental and control sides. 
The analysis of the changes in the mesiodistal inclination of the Pa's in the 
4-weekly periods studied revealed also no significant differences. 
In conclusion: The late extraction of the ma's did not noticeably affect the 
mesiodistal inclination of their successors. 
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4. Vertical migration of the bottom of the socket of the PJs. 
Figs, and Tables: -Па'ь 
As indicated above, no difference could be observed between the tooth forma­
tion of the Pa's on the experimental and the control sides over the whole expe­
rimental period studied. However, the rate of vertical migration of the Рз'8 was 
found to be significantly affected. With this in mind the vertical migration of 
the bottom of the socket of the roots was investigated. 
Significant differences in the position of the bottom of the socket of the Ps's 
between the experimental and the control side were found on the 3 first obser­
vations made. At week —4, the bottom of the socket of the Ps's on the control 
side was significantly more to the occlusal (0.05 > ρ > 0.01), at 0 and 4 weeks 
the reversed condition was found (p resp. 0.01 > ρ > 0.001 and 0.05 > ρ > 0.01). 
This was reflected in the incremental data. Here the only significant difference 
was from week —4 to 0, in which the bottom of the socket of the Ps's moved 
more to the occlusal on the experimental side than on the control side. 
In conclusion: The accelerated eruption of the Pa's from —4 to 0 weeks on 
the experimental side was accompanied by a corresponding increase of the rate 
of deposition of bone at the bottom of the sockets of their roots. 
DISCUSSION AND CONCLUSIONS 
The literature available on the effect of premature extraction of deciduous teeth 
is rather limited and is also mainly restricted to reports of serial clinical obser­
vations (Fanning, 1962; Sleichter, 1963) and to the evaluation of longitudinally 
collected plaster models of the dentitions of children (Carr, 1963; Hargreaves, 
1964; Posen, 1965). The extractions carried out in human material were pre-
ceeded by traumata or infections and this makes an interpretation rather diffi­
cult. No systematic and controlled experimental investigations including the 
development and migration of the successors came to our knowledge. 
The remarks made before regarding the comparison of the development of the 
dentition in humans and miniature pigs have to be kept in mind also in the 
reading of this discussion. Furthermore it may be mentioned here that a con­
siderable difference between the two species exists regarding the time factor 
involved in the transition of the dentition and the development of teeth. In 
general these processes last about 12 times as long in humans as in mini-pigs. 
The extent of the reaction to experimental procedures as for example in the 
amount and type of bone deposited at places where deciduous teeth have early 
been extracted may be of a different nature. This is an additional factor that 
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has to be taken into account in the evaluation of the data presented here. 
The experiments described in this chapter do not present any indication that 
the tooth formation of the premolars is affected by the early or late extractions 
of their predecessors. 
Significant differences showed up regarding the behaviour of the premolars in 
their displacement recorded. The findings in this respect were in most instances 
not concordant in the early and late extraction experiments. 
It has been stated that in humans the early extractions of deciduous molars 
may result in a delayed eruption of their successors and a late extraction in a 
speeded up eruption of these teeth (Fanning, 1962). In our experiments inte­
resting observations were made in this respect. The clinical emergence of the 
premolars following early extraction of their predecessors was not noticeably 
different from the controls. In contrast to this was the observation that following 
late extraction the premolars emerged significantly earlier. 
In the early extraction experiments the successors were significantly lower po­
sitioned than their controls on all recordings. The same holds true for the ver­
tical position of the bottom of the sockets with exception of the last registra­
tion. For a better interpretation of these findings it has to be realized that the 
majority of premolars involved had already attained occlusion 8 weeks prior 
to the last recording. This brings up the point that the early extractions of the 
deciduous molars did not only affect the vertical migration of their successors 
but also had influenced the height at which occlusion was attained. In how far 
this phenomenon is of a temporary nature or of a more permanent character 
could not be assessed with the material we had at our disposal. 
Another significant difference observed during the whole observational period 
in the early extraction experiments was the more distal position of the succes­
sors. This registration may however be affected by the late extraction of the 
ma's, that followed about 28 weeks later and preceeded the attainment of stage 
Ri/4of the PaR's by on the average 4 weeks and the attainment of occlusion of 
the Pz'sL by about 12 weeks. It may be remembered here that the пъ'з have in­
variably, and usually considerably, larger mesiodistal crown diameters than the 
Рз. A definite conclusion regarding the displacement in a mesiodistal direction 
of the premolars following the early extraction is therefore not presented. 
Regarding the difference in inclination of the Рз'з, for which a significant dif­
ference of a temporary character was recorded in the early extraction experi­
ment, the same remarks are applicable and also no definite conclusions are 
permissible regarding the whole period of observation. The differences registe­
red at the first moment of observation are probably due to the changes, that 
took place between the moment of early extraction and the first recording. 
This could indicate that the deciduous molars play an important role in the 
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maintainance of the normal position of the tooth germs of their successors. 
It has been remarked that early extraction of deciduous molars in humans re-
sulting in a delayed eruption of their successors is mainly due to the formation 
of dense bone and of scar tissue in the area overlying the unerupted teeth 
(Hitchin, 1966; Korf, 1965). Our experiments on miniature-pigs did not present 
findings in accordance with this and as such do not support the above assump-
tion. However the differences between the two species, particularly regarding 
the time factor involved and also the points of general and local importance 
in this respect indicated above and before, do not permit making a statement 
in the other direction. 
The late extraction of the deciduous molars in the mini-pig resulted in several 
significant findings. First of all the clinical emergence of the successors was 
significantly earlier, as already mentioned, and the teeth distal of the extracted 
ones showed a significantly increased mesial migration promptly following the 
extraction. The extraction was furthermore followed by an initial increase in 
vertical migration of the successors accompanied with an increase of the rate 
of bone deposition at the bottom of the sockets of their roots. Later on a 
relative decrease in the rate of vertical migration of the successors was noticed. 
No difference in the ultimate vertical position of these premolars was recorded. 
Our material does not warrant an acceptable explanation for the temporary 
increased vertical eruption following the late extraction. It may be that the 
removal of the overlying deciduous molars provided a pathway in the bone 
through which the successors could easier erupt. In this concept the removal 
of the deciduous molars may be considered as a temporary release of the re-
sistance to the eruption force whatever that may be. 
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CHAPTER VI 
REMOVAL O F O C C L U S A L M U C O S A A N D B O N E 
Introduction 
There is a number of factors that suggests that the removal of mucosa and 
bone overlying unerupted teeth may have an effect on their eruption. The ex­
periment presented here was designed particularly to investigate this. 
For that purpose, in a group of 18 mini-pigs, the mucosa and bone overlying 
the Мг'з on the left side of the mandible were removed, the method is described 
in Chapter II. 
An evaluation of the variation in the attainment of Cc of the Mz's on both sides 
of the mandible did not reveal a difference. All corresponding teeth were re­
gistered as having attained the stage Co at the same moment of observation. 
So it was felt justified to use here too the corresponding teeth on the right side 
of the mandible as controls. For practical reasons in this experiment it was 
aimed to remove the mucosa and bone at a moment coincident with tooth 
development stage Cc. 
The observational period ran from the attainment of stage Cc (week 0) till 
24 weeks thereafter (week 24). At week 24 the Мг'в on the experimental and 
control sides were observed to be in occlusion in all animals (Fig. VI-1). In 
all, 3 different aspects were studied, mostly again at 4-weekly intervals. 
1. The clinical emergence of the M^s. Table VI-A 
The recordings of the observed emergences are also given with reference to the 
attainment of stage Cc of the MiR's. Among other things this facilitates the 
comparison of these findings with the statistical analyses to be presented here­
after. 
Application of the sign-test revealed a significantly earlier clinical emergence 
of the Мг'в on the experimental side than on the control side (p = 0.05). The 
emergence of the Mi's on the experimental side was registered earlier than on 
the control side in 11 cases and later in one case. In 5 cases no difference was 
found. In one case the clinical emergence of the M2L was not determined. 
It is of interest to mention here that 4 weeks after the moment of interference, 
the Мг'в on the experimental side were observed to be covered again with mu­
cosa in all animals. In 13 cases those teeth were observed to have emerged in the 
4 weeks following, while in none of these animals were the M2 's on the control 
side found to have emerged, by then. 
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In conclusion: The occlusal removal of bone resulted in a significantly earlier 
clinical emergence of the Mz's on the experimental than on the control side. 
For the statistical treatment of the numerical data, the longitudinal records of 
each animal were classified at the moment of attainment of stage Cc of the 
MzR's. 
It turned out that in this experiment, the moment of interference did not in all 
cases coincide as had been intended, with the stage Cc of МгК'з. The removal 
of mucosa and bone had been carried out coincident with the attainment of 
stage Cc of the MzR's in 8 cases, 4 weeks prior to this in 6 cases and 4 weeks 
after in the other 8 cases. As explained in Chapter IV, this type of variation is 
to be anticipated. 
2. Changes in the vertical position of the Мгз. Figs, and Tables: І-2Л>Ъ 
Evaluation of the data revealed a significantly more occlusal position of the 
Mz's on the experimental side than on the control side at week 8, 12 and 16. 
With respect to the incremental data, a significantly smaller rate of vertical 
migration of the Ma's on the experimental side than on the control side was 
found in the period from week 16 to 20 (0.05>p>0.01). From a detailed 
study of the tables the question arose as to what difference could be shown in 
the rate of vertical migration of the MJs on the experimental and control sides 
in the interval between week 0 and 8. The combination of the incremental data 
revealed a significantly larger rate of vertical migration of the Kb's on the ex­
perimental side than on the control side from 0 to 8 weeks (0.05 > ρ > 0.01). 
In conclusion : The occlusal removal of mucosa and bone overlying the un-
erupted Мг'з resulted in a significant increase in their rate of vertical migration 
in the 8 weeks following this interference. A decrease in their rate of vertical 
migration was recorded some time later. 
3. Changes in the mesiodistal position of the Mis. Figs, and Tables: І-3Л'Ь 
It was considered to be of interest to investigate to what extent deviations in 
the changes in the mesiodistal position of the Ma's as shown in Chapter III 
were to be observed in this experiment. 
At week 4, the Ma's on the experimental side were recorded in a significantly 
more distal position than their controls (0.05>p>0.01). Regarding the in­
cremental data, no significant differences were found. 
In conclusion : The occlusal removal of the bone overlying the Ma's resulted 
in an initially more distal position of these teeth compared with their controls. 
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DISCUSSION AND CONCLUSIONS 
Controlled investigations of the eruption of teeth after the removal of overlying 
mucosa and bone were not found in the literature. Only assumptions are made 
in this regard and a number of authors recommend this surgical procedure in 
situations of delayed eruption of teeth in humans. However it is common prac­
tice in oral surgery to remove the overlying bone in situations where the erup­
tion of teeth has come to a standstill. Usually this results in subsequent move­
ment of the teeth and emergence. 
Our aim has been to study to what extent the normal eruption pattern of per­
manent molars is affected by the removal of overlying mucosa and bone. Patho­
logical conditions are not well comparable in this respect and will therefore 
not be incorporated in this discussion. 
The eruption process of the Мг'з was significantly affected by the removal of 
mucosa and bone overlying the unerupted Ma's. The vertical migration of these 
teeth showed, compared with their controls, a larger rate of vertical migration 
in the 8 weeks following the moment of interference and reduced vertical mi­
gration of the observational period. 
This behaviour resembled that observed in the Рз'з following the late extraction 
of their predecessors. Both experiments had many features in common. They 
were carried out on teeth that showed similar patterns of vertical migration. 
In both experiments material was removed from a place in to which migration 
was expected to take place. On the basis of these considerations it was felt 
that the observed spurt in vertical migration here too may have resulted from 
a decrease of the resistance in the direction of eruption. 
The rate of vertical migration not noticeably affected in the middle of the period 
of observation is probably associated with an increase of the resistance resulting 
from reparative processes, observed in both experiments following the inter­
ference. 
The smaller rate of vertical migration compared with the controls at the end 
of the period of observations in both experiments can be ascribed to the fact 
that the teeth on the experimental side as a rule were observed to reach occlusion 
at an earlier moment (Fig. VI-1). The latter was to be expected as the result of 
their advanced vertical position, as was recorded in the period before. 
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CHAPTER VII 
DEVELOPMENT OF THE DENTITION IN THE MINI-PIG 
STUDIED BY VITAL STAINING WITH TETRACYCLINE 
Introduction 
Some results obtained with the longitudinal roentgenological evaluation of 
changes in the dentition presented before, were checked and expanded regarding 
their interpretation, with vital staining experiments. Tetracyclines stain newly 
formed bone (Steendijk, 1964), enamel and dentine (Bevelander, 1961). The 
administration of this drug offered the possibility to check the laying down of 
bone in the regions expected on the basis of our roentgenological findings. 
For that purpose tetracycline was administered to a group of 5 animals which 
were sacrificed at various stages of development of the dentition. The method 
of administration, the dose used, the preparation and the study of the sections, 
are described in Chapter II. 
As a rule two injections were given with an interval of 1 or 2 weeks, and the 
animals were sacrificed shortly thereafter. 
The information gained with this method was quite extensive. The presentation 
here will be restricted to the aspects related to the observations made in the 
previous experiments. Accordingly a selection was made from the material 
available and is presented in the Plates I to XII. 
It will be noticed that in many of the sections one or more stained lines or 
areas are visible in the deciduous molars and in areas of the mandible not ex-
pected to be stained as a result of our administrations. They, however are in 
general readily distinguishable from the staining caused by our experiment and 
are therefore as a rule not discussed. 
Regarding the body of the mandible, tetracycline stained bone was found, in 
general, on the buccal surface in the deciduous molars area. (Plate V, VIa· b ' c ) . 
In the permanent molar area stained bone was seen on the buccal as well as 
on the lingual surface of the mandible at the time the Mi's had not yet emerged 
(Plate I, IIa·b), while the corresponding lower border of the mandible showed 
little or no stained bone. A complex pattern of stained bone was noticed in the 
molar area at the time the M's were in occlusion, indicating remodeling of the 
mandible and a corresponding displacement of the tooth (Plate IV). This also 
holds true for most of the crypts of the P's and the sockets of the m's and M's. 
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Their medial walls showed tetracycline stained bone as did the buccal surface 
of the mandible. In the remodelling processes indicated here a rather constant 
buccolingual relationship during growth is noticed between the teeth, crypts 
and sockets and the outer surface of the bone of the mandible (Plate IV, V, 
VIa>b>c, VII and VIII). In the evaluation of the plates it should be realized 
that the specimen age varies greatly. The growth of the mandible of the mini-
pig, not treated in this work, varies with age and this explains partly the 
differences noticeable in the staining of the body of the mandible. The last 
three plates are illustrations of the experiment on the early extractions of deci­
duous molars. They are presented with the situation on the control side for 
comparison. 
The study of the anatomical aspects of the sections revealed a close relation 
between the roots of the deciduous molars and the germs of the premolars as 
can be seen in Plate VII and VIII. 
The bony crypts of the premolar germs were found to be continuous with the 
outer bony surface on the lingual side of the mandible (Plate І а>ъ»с and V). 
The same situation was found with respect to the mesial part of the crypt of 
the M's. The distal part of the crypt of the Mz's was observed to be covered 
with bone prior to eruption (Plate II a · b ) . 
Tetracycline was noticed to be incorporated in the tooth structures, where cal­
cification was expected to take place at the time of administration (Plate I-VIII). 
The tetracycline stained dentine observed in the m's on the pulpal side is an 
indication of secondary dentine formation. The large stained areas present in 
the crowns of these deciduous teeth and certain regions of the mandible are 
not related to our use of tetracycline but are explained by its routine administra­
tion in foodstuffs by the breeders. 
The stained lines in the bone beneath the m's and M's in occlusion indicate 
vertical migration of these teeth (Plate IV, V, VIa. b . c , VII and VIII). 
Tetracycline stained bone was seen in the bottom of the socket of a P, which 
on the basis of the roentgenological findings was expected to be in the phase 
of rapid vertical migration (Plate IX). Of particular interest was the finding 
that the amount of stained bone beneath the bifurcation of the M's, - which 
were expected to be in the phase of rapid vertical migration - was considerably 
larger than that of the bone stained on the top of the corresponding alveolar 
process (Plate I, III). This illustrates that the vertical migration of teeth was 
accompanied by some bone apposition on the alveolar border. 
The effect of the early extraction of the mi's on the left side of the mandible 
as described in Chapter V is demonstrated here with three cases, representing 
different developmental periods. 
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The animals were sacrificed at 2, 12 and 32 weeks after the extractions were 
carried out. The corresponding areas on the right side are presented as controls. 
The histological sections revealed new information not obtained by the roent-
genographic evaluation. It was noticed that the gubernacular canal on the ex­
traction side was not covered or filled up with bone. Further, the vertical and 
buccolingual dimensions of the alveolar processes were observed to be consi­
derably reduced on the extraction side. Of interest was the stained bone found 
on the top of the alveolar process. 
DISCUSSION AND CONCLUSIONS 
The interpretation of the vital staining experiments has been complicated by 
the presence of stain in teeth and bone that probably has been caused by the 
adding of tetracyclines to the food of the animals by the breeders. However no 
information on this has been made available to us by the institute from which 
the animals were obtained. 
The findings in this experiment correspond to the observations made by the 
roentgenological evaluation of the changes in the dentition and form as such 
a support to some conclusions arrived at in Chapters III and V. The period 
indicated as the phase of rapid vertical migration (phase 3) was considered 
to be detectable in the vital staining experiments by the large amount of stained 
bone under the bifurcation of the permanent molars and at the bottom of the 
socket of the P's. Regarding the other phases of vertical migration also, corres­
ponding observations were made. Mention is made in this respect of the stained 
bone found beneath the bifurcation of the m's and M's in occlusion. The 
staining of the teeth confirmed observations made before. Particulary the se­
condary dentine apposition on the walls of the pulp chambers became clearly 
visible. 
The close relation observed between the roots of the m's and the germs of the 
P's may be considered to render support to the value of the experiments with 
respect to pulp exposures and extraction of deciduous molars. 
The observation made on the bone overlying the occlusal surface of the Мг'з, 
was according to the clinical observations made during the operations carried 
out to remove the mucosa and bone overlying teeth. 
The continuity of the crypts of the P's and M's with the lingual outer bony 
surfaces of the mandible in our sections, confirmed the observations made by 
Brash (1928). Scott (1955) assumed that the connective tissue occupying the so 
called gubernacular canal between the crypt and the lingual surface of the man­
dible played an important role in the eruption of teeth. This aspect will be 
discussed in more detail in the next chapter. 
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Attention may be drawn here to the remodeling processes in the body of the 
mandible accompanied by associated movement of teeth and germs through 
the bone. 
Of particular interest is that the vertical migration of teeth is frequently ob-
served to be accompanied by the apposition of bone on the corresponding 
alveolar structures. During the phase of rapid vertical migration (phase 3) the 
latter is greatly surpassed by the amount of bone deposited beneath the rapidly 
erupting tooth. This observation is in contrast to those made in this respect by 
Brash (1928). On the other hand the stained bone observed on the buccal sur-
face of the mandible in the area of the lateral teeth indicating apposition of 
bone on this surface, and the relatively small amount of stained bone on the 
lower border in general, confirm Brash's findings. 
The information obtained with vital staining on the effect of the early extraction 
of deciduous molars confirmed the observations made by the roentgenographic 
investigation. The vital staining experiment was of particular interest because 
it showed changes in the alveolar bone following early extraction that cannot 
be recorded by the roentgenographic approach. Further, the gubernacular 
canal and its relation to other structures and its possible importance in eruption 
became more substantial. 
Finally it may be remarked that no defects in the enamal were observed due 
to the administration of tetracycline (Van der Linden, 1965). 
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CHAPTER Vi l i 
G E N E R A L D I S C U S S I O N 
The significance of the findings presented in this thesis and their interpretation 
have been discussed mainly at the end of each chapter in which experiments 
are described. The relevant literature has been brought in and most of the 
remarks regarding the general aspects of our experiments have been made there. 
The general discussion therefore will be limited to some features that showed 
up in different experiments and to a short treatise on the process of the erup-
tion of teeth. 
The value of the findings on the individual behaviour of the pattern of eruption 
of teeth and of the variations recorded later on in the statistical evaluations are 
influenced by the error of the method and by the fact that the observations 
were 4 weeks apart. 
Regarding the first it may be remarked that the great similarity in the individual 
registrations and the large number of teeth involved justify the conclusions 
drawn in this respect. Regarding the latter it is to be remarked that with the 
method used the total recorded variation was probably rather large, resulting 
in a relative reduction of the biological variation. It may be assumed that this 
led to a limitation of the number of registrations of differences that could be 
recorded adequately enough to reveal significance. On the other hand it is con-
sidered that more than sufficient definite conclusions could be drawn to justify 
an approach such as that employed in this work. This was partly due to the 
fact that the analysis of the records and the statistical treatment of the data 
were carried out with reference to developmental characteristics. 
As has been indicated several times before, a marked resemblance exists between 
the dentition in the human and in the mini-pigs. However there is one aspect 
not treated before that is of particular interest and is essential for a better inter-
pretation of the experiments. 
The continuity of the crypts of the unerupted theet with the lingual outer bony 
surface of the mandible - indicated as the gubernacular canal - is present in 
both species, but is different in course and location. 
In the mini-pigs the mouth of the gubernacular canal of the P's was seen on the 
lingual surface of the mandible, close to the alveolar crest. According to Freund 
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(1954) the gubemacular canal of the premolars in man ends in the lingual part 
of the periodontal membrane of the deciduous molars. If the presence of the 
gubemacular canal and its contents of connective tissue play an important role 
in the eruption of teeth as is indicated by Scott (1955) it may be assumed that 
the effect of pulp exposure and extraction of deciduous molars in man and 
mini-pig may be different and as such offers another argument against com-
parison. 
In the past a number of theories have been developed which tried to explain 
the cause of tooth eruption. These theories are merely based on the assumption 
of a causal relationship between tooth eruption and certain phenomena asso-
ciated with it. However, none of these theories has been supported by experi-
mental evidence. The observations of the present experiments make it worth-
while to test the validity of some of these theories on the basis of the findings 
presented in this thesis. It is very well realized that considerably more arguments 
can be brought forward here, but they are omitted on purpose. The discussion 
presented here on the process of the eruption of teeth is by no means intended 
to be complete. 
Our observations clearly showed that the eruption of teeth was an active process 
in which a relatively rapid migration through the bone of the jaws took place. 
This implies that the theory that holds that the eruption of teeth is the result 
of resorption of bone surrounding the teeth prior to clinical emergence firstly 
developed by Weidenreich (cited by Weber, 1929), is not tenable. The experi-
ments with tetracycline have even shown the apposition of bone on top of the 
alveolar process of a rapidly erupting tooth. 
The period of rapid vertical migration was noticed to be associated with an 
elongation of the roots. We also found in a number of cases that in certain 
periods the elongation of the roots was less than the amount of vertical migra-
tion. From this finding it may be concluded that the eruption of teeth is not 
the direct result of growth of the root as it was first assumed by John Hunter 
(1771). 
In addition we saw that the apposition of bone on the bottom of the sockets 
of the roots was far less than the vertical migration observed. From this finding 
it may be clear that the theory that says that the eruption of teeth is primarily 
caused by apposition of bone in the fundus of the roots (Nessel, 1856; Hermann, 
1869) cannot hold. 
Brash (1928) concluded from his study on madder-fed pigs that the cause of 
eruption is a local intensification of the general upward growth of the alveolar 
bone. Conclusive experimental evidence against this theory is presented in our 
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findings. It was observed that the greater part of the vertical migration of the 
premolars took place in a period prior to the exfoliation of the deciduous mo-
lars and that this vertical migration was considerably larger than that of their 
predecessors. From this it can be concluded that the amount of vertical mi-
gration of the premolars exceeded the amount of vertical growth of the alveolar 
bone, since otherwise the deciduous molars would have been submerged in 
bone. It has also been suggested that tooth eruption is caused by osmotic 
pressure (Eidmann, 1923), blood pressure (Constant, 1900) or tissue hydrostatic 
pressure (Ness and Smale, 1959) between the developing tooth and the surroun-
ding bone. Yet none of these pressure theories has been supported by experi-
mental evidence. 
Furthermore they do not explain the rather acute increase in vertical migration 
subsequent to the completion of the crown, as was observed in our experiments. 
The same argument can be used against the theory put forward by Scott (1955) 
who states that active eruption is the result of the growth of the tooth pulp 
between the calcified part of the tooth and the base of the follicle. 
Underwood (cited by Tomes, 1923) suggested that the connective tissue around 
the tooth might pull the tooth into the oral cavity. The role of the periodontal 
membrane in the process of tooth eruption is still under discussion. The fact 
that we did not observe active vertical migration prior to the beginning of root 
formation may indicate a possible role of the periodontal membrane in the 
process of active vertical migration. 
This discussion may therefore be concluded with the remark that investigations 
on the process of tooth eruption may be primarily directed toward the role of 
the periodontal membrane in this. 
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S U M M A R Y 
The aim of the present investigation has been to study the normal process of 
tooth development and eruption and subsequently to investigate - under con­
trolled conditions - the effect of some local factors on this. For that purpose 
the mini-pig was preferred as experimental animal for a number of reasons out­
lined. 18 Animals were studied longitudinally between the ages of 20 and 80 
weeks. 
Of each animal standardized lateral teleroentgenograms, intra-oral radiographs, 
weight determinations and oral inspections were made every 4 weeks. The in­
formation obtainable from the teleroentgenograms was increased considerably 
by placing metal implants in the mandible at the beginning of the experiment 
for reference purposes. This made it possible to come to rather accurate and 
comparable determinations regarding the vertical and mesiodistal position and 
the inclination of teeth. For the evaluation of the teleroentgenograms a rectan­
gular co-ordinate system was used and reference points were selected on teeth 
and other structures recorded. The dental development was estimated by a 
system of dental stages, based on the time of attainment of occlusion of the 
different teeth. Tooth formation of the premolars was assessed by a system of 
stages based on the amount of tooth length calcified. For the assessment of 
root resorption of the deciduous molars a similar system was used in reverse. 
Additional information was obtained by the anatomical and histological study 
of 5 other specimens, sacrified at different ages after having received tetracycline 
as a vital staining agent shortly before. 
First the normal process of tooth development was studied as described in 
Chapter III. For that purpose, the right lower buccal segment of 18 animals 
was studied during the 60 weeks period, indicated above, that involved the 
completion of the deciduous dentition and the total transitional period in most 
animals. 
In measuring the mesiodistal diameters of the crowns of the m's and the cor­
responding P's it was noticed that the Рз'з were invariably smaller, the Pi's 
and Рг'з were invariably larger than their predecessors. However considerable 
variations in this respect were found for the individual teeth and also for the 
sum of them. In 3 animals bilateral agenesis of the first premolars was observed. 
A considerable variation in relation to chronological age was registered re­
garding the tooth formation and eruption of the premolars, the root resorption 
of deciduous molars and the time of attainment of occlusion of the permanent 
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teeth. The same holds true regarding the time intervals between the stages of 
dental development. On the other hand the sequence in attainment of occlusion 
of the permanent teeth was uniform as far as could be observed. 
The individual behaviour and variations in vertical migration of the premolars 
and molars were determined. This evaluation of the individual cases revealed 
a great similarity that indicated a particular pattern in vertical migration that 
was found to be related to the stages of tooth formation and the attainment of 
occlusion. On the basis of this information and to eliminate the large variation 
in relation to chronological age the longitudinal data obtained from the roent-
genograms were statistically analysed with reference to the attainment of cer-
tain developmental characteristics. For that purpose use was made of the mo-
ment of observed exfoliation of the deciduous molars, and the attainment of 
occlusion in the P's and M's, and to what was considered to be close to the 
beginning of the phase of rapid vertical migration of these teeth. 
The statistical analyses confirmed the findings laid down in the individual curves 
and the same pattern in vertical migration showed up clearly. 
On the basis of an integration of findings obtained by several approaches, 
5 phases in vertical migration could be distinguished, which were observed to 
be corresponding in general with the stages in tooth formation and the attain-
ment of occlusion as indicated below: 
1. a phase of relatively small rate of vertical migration: Ci, C1/2 and Cc 
2. a phase of increasing rate of vertical migration : Rb 
3. a phase of rapid vertical migration: R1/4 and R1/2 
4. a phase of decreasing rate of vertical migration: R3/4 and attainment of 
occlusion 
5. a phase of relatively small and rather constant rate of vertical migration : Re 
A considerable individual variation was recorded in the amount of vertical mi-
gration between successive stages of tooth formation, in the time span involved 
in the phase of rapid vertical migration, and in the total amount of vertical 
migration. It may be remarked here that the Pi's in general seemed to be slightly 
advanced in their eruption process in comparison to the other P's when tooth 
formation was used as reference. 
The statistical analysis revealed significant changes in the mesiodistal position 
of the P's and M's during the phases 3,4 and 5 and in the mesiodistal inclination 
of the P's during the phases 3 and 4. 
The pattern of eruption described and differentiated in the 5 phases of vertical 
migration - of which however the first one is presented with some reserve - is 
likely to be present in more species, including man. The few comparable data 
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found in the literature on eruption of teeth in humans and molars in rats are 
not in contradiction to this. 
In Chapter IV the investigation on the influence of the early and late pulp ex­
posure of deciduous molars on the tooth formation and eruption of their 
successors is described. Following the early pulp exposure of the mTs and тг'в 
in 6 out of 16 cases periapical blackening was observed, followed by reparative 
processes. An increase in the rate of secondary dentine formation was recorded 
following early pulp exposure and ended in the obliteration of the pulps of all 
m's. No definite effects on root resorption and the time of exfoliation were 
found. The rate of tooth formation of the successors was also not found to be 
effected. The statistical analysis revealed a significant temporary lower position 
of the PzS. With respect to the mTs no effects were observed. 
The late pulp exposure of the ma's also resulted in an increase in the rate of 
secondary dentine deposition. In two animals the pulps of the ms's were obli­
terated. Periapical blackening was not observed. Root resorption of the ma's 
and the rate of tooth formation of their successors were not found to be af­
fected. 
Regarding the statistical analysis, a temporary decrease in the rate of vertical 
migration of the successors in the late pulp exposure experiment (Pa's) was 
recorded in a developmental period corresponding to the observation in the 
P2's. 
No disturbances in the tooth formation of the permanent teeth underlying the 
exposed predecessors were noticed and no indications of impaction or ectopic 
eruption were found. 
The investigation on the effect of the early and late extraction of deciduous 
molars on the tooth development and eruption of their successors is described 
in Chapter V. Following the early extraction of the mi's the rate of tooth 
formation and the time of clinical emergence of the successors was not found 
to be affected. 
The statistical analysis revealed a lower vertical position and a more distal 
position of the successors during the whole period of observation, and a tem­
porary decrease in the rate of vertical migration in the beginning of the period 
of rapid eruption. Further, a temporary distal tipping of the successors was 
observed. The possible influence of the late extraction of the ma's following 
28 weeks later on the two observations is indicated. 
Following the late extraction of the ma's, no effect on the rate of tooth forma­
tion of their successors was observed, but a significant advance in their time 
of clinical emergence was revealed. The Mi's distal of the ma's showed a tem­
porary mesial displacement promptly following the extraction of the latter. It 
was determined that a temporary increase in the rate of vertical migration of 
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the successors was followed by a temporary decrease. A temporary distal dis-
placement of the successors was observed. 
In the discussion of the extraction experiments special attention is called to 
the fact that the development of teeth and the transition of the dentition in 
humans take about 12 times as long as in mini-pigs. Further it is outlined here 
that the cases presented in reports on the effect of early and late extraction of 
deciduous teeth in humans have a history of infection or trauma. 
In Chapter VI the effect of the occlusal removal of the mucosa and bone over-
lying the M2S was investigated. The time of the interference was about coin-
cident with stage Cc of tooth formation. Evaluation of the data revealed a 
significant advance of the time of clinical emergence. A temporary increase in 
the rate of vertical migration was observed; a temporary decrease was recorded 
later on, corresponding with the earlier attainment of occlusion. 
The findings on the vital staining material are described in Chapter VII. 
Several points demonstrated with the roentgenographic method were reiterated 
by this technique. Further, the gubernacular canal was displayed. The signi-
ficance of the latter in the comparison of the development of the dentition in 
man and mini-pigs and in particular in the pulp exposure and extraction expe-
riments is outlined in the General Discussion presented in Chapter VIII. 
In the work presented here the advantages and disadvantages of experimental 
work on the development of the dentition in mini-pigs are discussed in several 
places. The author would like to end this thesis with repeating the remark that 
the mini-pig is one of the best suited animals for the comparative study of the 
development of the dentition in our search for a better understanding of these 
processes in man. However, it has to be kept in mind that comparison between 
species always has to be done with great reserve. This has to be taken into ac-
count in the interpretation of the findings presented from this work. 
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FIG. Il-l·1 
The deciduous molars and 
first permanent molars in the 
lower buccal segments in 
DS I-B. 
FIG.II-l» 
The permanent teeth in the 
lower buccal segments in 
D S V . 
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FIG. II-2a 
Regular cephalostat used 
for making the tele-
roentgenograms. Note 
incisai pin and modified 
head holders. The animal 
is placed on the vertically 
adjustable wooden 
cradle. 
FIG. Il-2b 
Example of a teleroent-
genogram. Note the im-
plants in the mandible 
and the amalgam filling. 
FIG. ІІ-З 
The apparatus - slightly modified after Bjórk - used for the placement of the metal implants. 
Y 
^кЩ 
^ ^ 
FIG. 11-4 
Illustration of the method used in measuring the serial teleroentgenograms. The X-axis 
represents the occlusal plane in dental stage I-B. The Y-axis is drawn as a tangent to the most 
mesial point of the crown of the mi. The mesiodistal and vertical position of each reference 
point present is determined by their x- and y- co-ordinates. The latter are drawn for reference 
point no. 2 in dental stage I-B. 
3 
DS I-A 
FIG. 11-6 
Illustration of the dental stages 
Cl/2 
( Л р^ 
FIG. 11-7 
Illustration of the successive stages of tooth formation of a premolar (modified after Fanning, 
1961). 
Res: Res 1/4 Res 1/2 
Res, 
Res 3/4 Res. 
FIG. II-8 
Illustration of the successive stages of root resorption of a deciduous molar (modified after 
Fanning, 1961). 
TABLE II-A Errors of the method of the linear measurements in mm and the angular 
measurements in degrees of registrations recorded in the DS I-B and the DS IV 
Reference 
point no. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Π 
IA-IB 
Angle 
L A 
L В 
L С 
η 
18 
18 
18 
18 
— 
DS I-B 
S,(x) 
0.31 
0.28 
0.52 
0.51 
0.35 
Si(y) 
0.33 
0.25 
0.26 
0.41 
η 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
DS IV 
Si(x) 
0.57 
0.54 
0.56 
0.38 
0.38 
0.58 
0.49 
0.37 
0.95 
0.12 
0.10 
0.16 
Si(y) 
0.40 
0.54 
0.40 
0.41 
0.53 
0.53 
0.87 
0.90 
6 
TABLE III-A p-Values of the differences between the measurements in the vertical position 
of the highest points of corresponding teeth in the left and right side of the mandible registered 
in 12 skulls with reference to the lower border of the jaw. 
Measurements 
m. 
ITU 
ГПз 
M, 
Μ 2 Ρ 2 Ρ 3 Ί 
pooled ƒ 
η 
9 
8 
8 
9 
8 
Signed-rank test 
(Wilcoxon) 
ρ - 0 . 7 3 
ρ - 0 . 6 4 
ρ = 0.74 
ρ - 0 . 8 2 
ρ =0.84 
Student's t-test 
0 . 4 0 < ρ < 0 . 6 0 
0.60 < ρ < 0.80 
0.60 < ρ < 0.80 
0.60 < ρ < 0.80 
ρ > 0.80 
TABLE Ш-В The number of roots of the teeth in the buccal segments of the mandible and 
their location in relation to the crowns. 
Tooth 
symbol 
m. 
Πΐ2 
т э 
P. 
Pi 
Рз 
M, 
M , 
Number of 
roots 
2 
2 
5 
2 
2 
4 
4 
4 
Location of the roots in 
relation to the crowns 
1 mesial 
1 distal 
1 mesial 
1 distal 
3 buccal 
2 lingual 
1 mesial 
1 distal 
1 mesial 
1 distal 
2 buccal 
2 lingual 
2 buccal 
2 lingual 
2 buccal 
2 lingual 
10 
FIG. 111-3 
The individual weights 
(kg) of the animals during 
the experimental period. 
FIG. III-4 
Graphic presentation of 
the mean ages ( _ 1 SD) 
at which the successive 
dental stages are reached 
on the right side, 
η — 18 in all stages, 
except DS V(n = 10). 
DSI-A 
DSI-B 
psn 
DSDr 
D S K 
_, D S Y 
T -
20 T 60 
π 1 
80 
Age (weeks) 
1 ^ 
40 
TABLE III-4 The number (n), means (x), standard deviations (SD) and ranges in weeks of 
the ages at the moment attainment of the dental stages was observed. 
Dental 
stages 
DSI-A 
DSI-B 
D S U 
DS III 
DS IV 
D S V 
η 
18 
18 
18 
18 
18 
IO 
χ 
16.9 
24.5 
50.7 
61.6 
65.8 
78.8 
SD 
1.7 
3.7 
4.9 
4.8 
4.7 
5.2 
Range 
15-20 
19-32 
40-59 
54-71 
58-75 
67-83 
FIGS. Ш-23.ъ 
Specimens of type 2 animal at the ages of 12(a) and 83(b) weeks, weighing 6.0 and 59.2 kg. 
Sides of squares on the background are 10 cm. 
FIGS. III-I a .b 
Specimens of type 1 animal at the ages of 12(a) and 87(b) weeks, weighing 6.5 and 26.4 kg. 
Sides of squares on the background are 10 cm. 
TABLE III-O The number (η), mean (χ), standard deviations (SD) and ranges in mm, of 
the mesiodistal crown diameters of the m's and the P's as measured on the lateral headplates 
of living animals. 
η χ SD Range 
m i 
ІТІ2 
гпэ 
P. 
P2 
Рз 
8 
8 
8 
5 
8 
8 
7.7 
9.7 
16.9 
9.5 
11.4 
12.5 
0.54 
0.38 
0.41 
0.68 
0.48 
0.42 
6 7 
9.2 
16.1 
7.8 
10.6 
П.8 
8.6 
10.3 
17.6 
10.4 
12.5 
13.4 
TABLE Ш-Сь The number (n), mean differences (x), their standard deviations (SD) and 
ranges in mm, in the mesiodistal crown diameters of the m's and the corresponding P's. 
m i -
mr-
m j -
P l 
Pz 
Рз 
η 
15 
18 
18 
χ 
— 1.6 
— 1.8 
I 4.4 
SD 
0.60 
0.46 
0.48 
Range 
—0.4 
—0.6 
+ 3.2 
- 3 0 
- 2 . 9 
+ 5.2 
TABLE 11I-CC The number (n), mean difference (x), its standard deviation (SD) and range 
in mm of the arithmetical sums of the mesiodistal crown diameters of the m's and the corre­
sponding P's. 
Lm's-IP's 
η 
15 
χ 
+ 1.0 
SD 
1.28 
Range 
—2.1 + 3 . 4 
11 
Stage 
Res: 
I · 1 -
• I 
Res 1/2 
Res 1/4 
-i 
. . 1 -?íS.?/í! 
Resc 
ι · ι — 
_ _ .^.....M: 
"Ί 1 1 1 1 1 1 1 
20 40 60 80 
Age (weeks) 
Stage 
Res: 
I · 1 - - -
• . и . .
R e í . !¿ 
ι . Η
 R
« M ¿ 
ι . ι - - J?.'-'.-3/! 
Resc 
н — , Ы 
π 1 1 1 1 1 1 1 
20 40 60 80 
Age (weeks) 
Stage 
Res: 
I · — I 
I · , »Я.·-1/* 
^ - Í - - -..-!«.*.'£ 
і - ^ ч Üi-W. 
Res, 
I · l· - " - · 
Ь - н ^ - І í-».í-
π 1 1 1 1 1 1 1 
20 40 60 80 
Age (weeks) 
12 
TABLE ІІІ-5а-ь 'с The number (η), means (χ), standard deviations (SD) and ranges in 
weeks of the ages at the time of attainment of the stages of resorption of the deciduous molars 
on the right side. 
Tooth 
mi 
m2 
Шэ 
Stages of 
resorption 
Resi 
Res·/, 
Res./, 
ResJ/4 
Rese 
Exf. 
Resi 
Res./4 
Res./, 
Res>/4 
Reso 
Exf. 
Resi 
Res·/, 
Res·/, 
Resj/, 
Rese 
Exf. 
η 
14 
14 
12 
11 
6 
12 
16 
15 
15 
10 
6 
17 
17 
18 
16 
17 
9 
17 
X 
46.6 
55.4 
67.1 
71.1 
71.3 
77.3 
37.8 
48.2 
55.7 
59.7 
61.8 
64.2 
32.9 
39.9 
47.8 
54.0 
59.3 
60.8 
SD 
11.8 
7.4 
8.0 
6.3 
6.9 
5.0 
8.2 
7.8 
4.3 
4.7 
2.0 
4.5 
4.5 
12.2 
4.1 
3.6 
4.4 
4.7 
Range 
31-52 
38-68 
55-78 
59-78 
63-82 
67-86 
27-59 
31-63 
50-63 
54-67 
59-64 
58-71 
23-40 
2 7 ^ 7 
39-59 
49-63 
53-67 
54-71 
FIGS. 111-5».Ьс 
Graphic presentation of the mean ages (± 1 SD) at which the successive stages of root 
resorption of the mi's, mi's and mj's on the right side are reached. 
Compare with Tables III-5 a · b · c. 
13 
Stege 
с, 
C 1 / î 
Cç 
•ь 
R 1/4 
R l / J 
.R3/4 
20 40 60 
I · 1 
I · — I 
I — · — I 
80 
Agt (weeks) 
Stage 
C, 
C c 
R b 
R 1/4 
R i/2 
R3/4 
R
c 
- i г 
60 
- ι 1 
80 
Age (weeks) 
Stage 
C, 
cv^ 
Cç 
"ь 
R 1/4 
R 1/2 
R3/4· 
Ri 
20 40 
I « I 
I — e — ι 
I · 1 
I · 1 
I · 1 
I » 
-г
-
20 
τ 1 1 г -
40 60 
I 
80 
Age (weeks) 
14 
TABLE III-6 a ' b ' c The number (η), means (χ), standard deviations (SD) and ranges in 
weeks of the ages at the time of attainment of the stages of tooth formation of the premolars 
on the right side. 
Tooth 
Pi 
P J 
Stages of 
formation 
C, 
Съ 
Cc 
Rb 
R·/. 
* · / . 
RJ/« 
Re 
Ci 
C i , 
Ce 
Rb 
R'/< 
R'/. 
R 3 / 4 
Re 
η 
14 
14 
13 
13 
11 
11 
10 
6 
18 
18 
18 
17 
18 
18 
17 
17 
χ 
36.3 
48.9 
58.2 
63.5 
66.1 
71.6 
78.4 
84.2 
24.9 
35.4 
44.9 
50.2 
55.6 
62.9 
69.0 
78.7 
SD 
5.6 
5.5 
5.8 
6 9 
4.9 
5.6 
6.7 
2.9 
2.8 
3.5 
3.8 
4.5 
4.4 
3.9 
3.7 
4.7 
Range 
30-49 
42-59 
51-69 
55-77 
59-75 
63-83 
71-91 
79-87 
22-31 
30-44 
41-52 
43-56 
50-64 
55-68 
63-76 
71-88 
P 3 
Ci 
С·/, 
Ce 
Rb 
R'/. 
R'/· 
R*/. 
Re 
18 
18 
18 
18 
18 
16 
18 
18 
19.6 
30.3 
38.7 
43.8 
50.9 
55.7 
62.3 
70.9 
3.1 
3.8 
4.3 
3.6 
4.0 
4.3 
4.1 
6.1 
16-27 
26-39 
35^17 
39-51 
46-59 
50-63 
54-71 
59-84 
FIGS. I I I-6 a b . c 
Graphic presentation of the mean ages (= 1 SD) at which the successive stages of tooth 
formation of the Pi's, Pi's and Pj's are reached on the right side. 
Compare with Tables III-6a· b ' c . 
15 
FIG. III-7 
Longitudinal series of intra-oral radiographs of the lower right buccal segment of animal 
no. 26. Figures refer to the age in weeks. 
16 
FIG. 111-8". b.<· 
Time-distance diagrams representing vertical migration of the Pi's(a)> Pz'sib) and Рз'5(с) on 
the right side in the various animals. The time of attainment of stages of root formation is 
indicated on the curves The time of attainment of occlusion of each premolar coincides with 
the vertical axis. Curves were ranked along the axis at equal distances. Ages (weeks) at the 
time of attainment of occlusion are indicated where the curves cross the axis. 
Code nos. of animals are given on the right side. 
DSY 
Weeks 
Fig. 111-8» 
О 
θ 
θ 
time of attainment of stage Rb 
time of attainment of stage R1/4 
time of attainment of stage R1/2 
time of attainment of stage R3/4 
time of attainment of stage Re 
17 
DSISÍ 
Fig. Ш-8Ь 
О : time of attainment of stage Rb 
Q : time of attainment of stage R1/4 
time of attainment of stage R1/2 
time of attainment of stage Ra/* 
time of attainment of stage Re 
Weeks 
18 
Dsm 
О : time of attainment of stage Rb 
Q : time of attainment of stage R1/4 
time of attainment of stage R1/2 
time of attainment of stage R3/4 
time of attainment of stage Re 
Fig.III-8C 
19 
FIG. ІІГ-9а 
Time-distance diagrams representing vertical migration of the Mi's m the various animals. 
The time of attainment of occlusion of M's and P's are indicated on the curves. The time of 
attainment of occlusion of the Mi's coincides with the vertical axis. Curves were ranked along 
the axis at equal distances. Ages (weeks) at the time of attainment of occlusion are indicated 
where the curves cross the axis. Code nos. of animals arc given on the right side. 
ι — ι — ι — I 1 — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — ι — I 
- 8 0 +8 +14 +24 +32 +40 +49 +56 +64 
W.eki 
@ : time of attainment of occlusion of the M2 (DS II) 
® : time of attainment of occlusion of the Pj (DS III) 
β : time of attainment of occlusion of the P2 (DS IV) 
# : time of attainment of occlusion of the Pi (DS V) 
20 
FIG 11 i-g» 
Time-distance diagram representing vertical migration of the Mz's on the right side in the 
various animals The time of attainment of stage Cc is indicated on the curves The lime of 
attainment of occlusion of each M2 coincides with the vertical axis Curves were ranked along 
the axis at equal distances Ages (weeks) at Ihe time of attainment of occlusion are indicated 
where the curves cross the axis Code nos of animals are given on the right side 
Week! 
О : time of attainment of stage Cc 
21 
FIGS. AND TABLES III-IO».\ 11«.", 11»-.» 
Vertical migration of the P,'s (ΙΠ-ΙΟ"·"), Pi's (III-l l«·"), and Pj's (III-12a-b) before and after 
they had reached occlusion. The means (a), mean increments (b) and standard deviations of 
the y-co-ordinates of the reference points no. 6, 7 and 8. The longitudinal records of each 
animal were classified by the time of attainment of occlusion of the relevant Ρ (week 0). 
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FIGS. AND TABLES III-IS*.», H 3 · 1 1 , 15a-b 
Mesiodistal migration of the PTs, Pi's and Pj's before and after they had reached occlusion. 
The means (a), mean increments (b) and standard deviations of the x-co-ordmates of the 
reference points no. 6, 7 and 8. The longitudinal records of each animal were classified by 
the time of attainment of occlusion of the relevant Ρ íweek 0). 
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-12/-8 
- 8 M 
-4/0 
0/4 
4/8 
9 0.17 
11 0.16 
12 0.08 
9 0.14 
6-0.03 
1.24 
1.04 
0.87 
0.50 
0.82 
-0 42 
-0.51 
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18 0.05 
18 0.49 
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-3.36— 
-2.13· 
24 
FIGS. AND TABLES III-lö»^, 17».b, IS".11 
Changes in the mesiodistal inclination of the Pi's, Pi's and Pj's before and after they had 
reached occlusion. The means (a), mean changes (b) and standard deviations of the angles A, 
В and C. The longitudinal records of each animal were classified by the time of attainment 
of occlusion of the relevant Ρ (week 0). 
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FIGS. AND TABLES III-1911.", 20«-b, 2 l a . b 
Vertical migration of the bottom of the sockets of the Pi's, Pi's and Ps's before and after they had reached occlu­
sion. The means (a), mean increments (b) and standard deviations of the y-co-ordinates of the reference points 
no. 9, 10 and 11. The longitudinal records of each animal were classified by the time of attainment of occlusion 
of the relevant Ρ (week 0). 
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FIGS. AND TABLES Ш-22».ь, 23 a . b 
Vertical migration of the Mi's and Mi's before and after they had reached occlusion. The 
means (a), mean increments (b) and standard deviations of the y-co-ordinates of the reference 
points no.4 and 5. The longitudinal records of each animal were classified by the time of 
attainment of occlusion of the relevant M (week 0). 
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FIGS. AND TABLES III-24a.\ 25*·* 
Mesiodistal migration of the Mi's and Ma's before and after they had reached occlusion. 
The means (a), mean increments (b) and standard deviations of the x-co-ordinates of the 
reference points no.4 and 5. The longitudinal records of each animal were classified by the 
time of attainment of occlusion of the relevant M (week 0). 
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FIGS. AND TABLES III-26».b, Π*·* 
Mesiodistal migration of the Mi's before and after exfoliation of resp. the irb's and rm's. 
The means (a), mean increments (b) and standard deviations of the x-co-ordinates of reference 
point no. 4. The longitudinal records of each animal were resp. classified by the time of ex­
foliation of the nb's and m^'s. 
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FIGS AND TABLES \П-2№-ь, 29»^ 
Vertical migration of the Pj's and Pj's before and after exfoliation of their predecessors. 
The means (a), mean increments (b) and standard deviations of the y-co-ordinates of the 
reference points no 7 and 8 The longitudinal records of each animal were classified by the 
time of exfoliation of the relevant m (weck 0) 
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TABLE IH-D Occlusal migration of the P's on the right side between attainment of suc­
cessive stages of tooth formation of the relevant P's. The increments (m m) were estimated 
by the distance between the tips of the crowns of the PTs, Pi's, and Pj's and the reference 
points no.l, 2 and 3 of their preceeding m's. 
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FIGS. AND TABLE Ш-ЭО».», 31a-b, 32 a h 
Vertical migration of the Pi's, Pz's and Pa's before and after they had reached Stage R4,. 
The means (a), mean increments (b) and standard deviations of the y-co-ordmates of the 
reference points no6, 7 and 8. The longitudinal records of each animal were classified by the 
time of attainment of Stage R'/4 of the relevant Ρ (week 0). 
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Table ІІІ-31Ь 
period 
(weeks 
-4/0 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
η 
18 
18 
18 
17 
17 
18 
17 
χ 
4.64 
4.50 
3.31 
1.78 
0.55 
0.50 
0.31 
SD 
2.40 
1.62 
2.24 
1.88 
0.70 
1.01 
0.92 
t-value 
-8.20— 
-11.78— 
-6.25— 
-3.89" 
-3.25" 
-2.08 
-1.41 
Table ІІІ-32Ь 
period 
(weeks 
-A/O 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
24/28 
>n 
18 
18 
18 
18 
18 
17 
17 
18 
χ 
3.83 
3.32 
3.19 
2.42 
1.50 
0.44 
0.56 
0.70 
SD 
1.53 
1.16 
0.96 
1.31 
1.02 
0.58 
0.75 
0.75 
t-value 
-10.59— 
-12.14— 
-14.11 — 
-7.84— 
-6.18— 
-3.14" 
-3.06" 
-3.92" 
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FIGS. AND TABLFS Ш-ЗЗ»·1·, 34Ä-b, 35»·" 
Mesiodistal migration of the Pi's, Pj's and Pj's before and after they had reached Stage R .^,. 
The means (a), mean increments (b) and standard deviations of the x-co-ordinatcs of the 
reference points no. 6, 7 and S.The longitudinal records of each animal were classified by the 
time of attainment of Stage Ri;4 of the relevant Ρ (week 0). 
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week SD 
-4 
0 
4 
8 
12 
16 
20 
24 
28 
8 
8 
8 
8 
8 
8 
7 
8 
8 
-25.15 
-25.36 
-25.17 
-24.47 
-24.18 
-23.64 
-23.10 
-22.65 
-22.38 
0.92 
1.33 
1.42 
1.50 
1.45 
1.62 
1.73 
2.17 
2.10 
0.0 
-2. S 
-ΗΊΉ 
О 8 
HEEKS 
Fig. and Table ІІІ-33Ь 
period 
(weeks) η SD t-value 
4 / 0 9 0.13 0.85 -0.46 
0/4 10 0.14 1.16 -0.38 
4/8 10-0.32 0.65 1.55 
8/12 10 0.19 1.07 -0.56 
12/16 10 0.18 0.76 -0.73 
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0.0 
-2.S 
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Fig. and Table III-34" 
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(weeks) η SD -value 
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-2.S 
Fig. г 
\ Г'Л-ч-т-^ 
0 8 16 
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ind Table І1І-35Ь 
period 
(weeks) η χ SD 
гч 
t-value 
-4/0 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
18 -0.83 
18 0.05 
18 0.20 
17 0.46 
17 0.22 
18 0.38 
17 -0.00 
0.89 
0.72 
0.97 
0.93 
0.76 
0.73 
0.60 
3.94" 
-0.29 
-0.89 
-2.05 
-1.23 
-2.22' 
0.03 
^1/0 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
24/28 
18 -0.21 
18 0.19 
18 0.70 
18 0.28 
18 0.53 
17 0.51 
17 0.51 
18 0.26 
1.01 
0.95 
0.71 
0.82 
0.50 
0.74 
0.87 
1.14 
0.87 
-0.86 
^ t . l S — 
-1.48 
^1.50— 
-2.87" 
-2.42· 
-0.96 
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FIGS AND TABLES I I I - W \ 37' ", 38" " 
Changes in the mesiodistal inclination of the Pi's, Pi's and Pi's before and after they had 
reached Stage Ri/, The means (a), mean changes (b) and standard deviations of the angles A, 
В and С The longitudinal records of each animal were classified by the time of attainment of 
Stage R '/4 of the relevant Ρ (week 0) 
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FIGS. AND TABLES ІІІ-39».ь 
Vertical migration of the Mi's before and after they had reached stage Cc. The means (a), 
mean increments (b) and standard deviations of the y-co-ordinates of reference point no.5. 
The longitudinal records of each animal were classified by attainment of Stage Cc. 
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Table 111-39» 
week 
0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
η 
17 
17 
17 
18 
18 
18 
18 
18 
18 
18 
χ 
-5.32 
-3.80 
-2.44 
0.43 
3.38 
6.48 
7.54 
8.90 
9.35 
9.91 
SD 
1.67 
2.17 
2.30 
2.42 
2.22 
1.55 
1.33 
2.16 
2.10 
2.16 
Table ІІІ-39Ь 
period 
(weeks) 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
24/28 
28/32 
32/36 
η 
17 
16 
17 
18 
18 
18 
18 
18 
18 
χ 
1.52 
1.31 
3.04 
2.95 
3.10 
1.05 
1.35 
0.45 
0.56 
SD 
1.79 
1.16 
1.73 
1.39 
2.04 
1.10 
1.29 
0.60 
0.86 
t-val uè 
- 3 . 5 1 " 
-4.50— 
-7.23— 
-8.97— 
-6.43 — 
-4.06— 
^1.44— 
- 3 . 1 8 " 
-2.76* 
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FIGS AND TABLES \\l-40* ь 
Mesiodistal migration of the IVh's before and after they had reached stage Cc The means (a), 
mean increments (b) and standard deviations of the x-co-ordinates of reference point no 5 
The longitudinal records of each animal were classified by the time of attainment of Stage Cc 
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Table 111-40» 
week 
0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
η 
17 
17 
17 
18 
18 
18 
18 
18 
18 
18 
χ 
-48 87 
-48 58 
^19 00 
^ 9 26 
^ 9 61 
-49 74 
^ 9 44 
-48 45 
^ 8 00 
^17 28 
SD 
190 
192 
2 34 
1 70 
2 03 
2 23 
2 26 
2 19 
2 28 
2 29 
Table 111-40» 
period 
(weeks) 
8/4 
4'8 
8/12 
12/16 
16/20 
20 24 
24/28 
28/32 
32/36 
η 
7 
6 
7 
8 
8 
8 
8 
8 
8 
X 
0 29 
-0 46 
-0 30 
-0 35 
-0 12 
0 30 
0 98 
0 45 
0 72 
SD 
1 61 
I 31 
1 01 
1 16 
102 
1 09 
1 38 
0 92 
103 
t-value 
-0 75 
140 
1 24 
1 27 
0 52 
-1 16 
- S O S ­
EGÓ 
-2 95-· 
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FIGS. AND TABLES 111-41».", 42"·", 43"." 
Vertical migration of the mi's, mj's and rm's in occlusion The means (a), mean increments 
(b) and standard deviations of the y-co-ordinates of the reference points no.l, 2 and 3. 
The longitudinal records of each animal were classified by the time of attainment of DS I-B 
(week 0) 
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TABLE IV-A Early pulp exposure of the miL's. Ages, dental stages, resorption stages of 
the mi's and the tooth formation stages of the Pi's, at the time of early pulp exposure of the 
mi's on the left side of the mandible. 
code no. 
of animal 
20 
21 
22 
23 
24 
25 
26 
27 
age 
(weeks) 
27 
28 
27 
26 
26 
26 
26 
23 
at time 
dental 
stage 
I-B 
I-B 
I-A 
1-B 
I-B 
1-B 
I-B 
I-B 
of experiment 
mi 
resorption 
stage 
-
-
-
-
-
-
-
P, 
tooth formation 
stage 
0 
о 
о 
О 
o 
О 
О 
о 
- : no evidence of root resorption 
о : no evidence of calcification of the crown 
TABLE IV-B Early pulp exposure of the m2L's. Ages, dental stages, resorption stages of 
the шг'в and the tooth formation stages of the Pi's, at the time of early pulp exposure of the 
mi's on the left side of the mandible. 
code no. 
of animal 
20 
21 
22 
23 
24 
25 
26 
27 
age 
(weeks) 
19 
20 
19 
18 
18 
18 
18 
15 
at time 
dental 
stage 
I-A 
I-A 
I-A 
I-A 
1-A 
I-A 
I-A 
I-A 
of experiment 
resorption 
stage 
-
-
-
-
_ 
-
-
P2 
tooth formation 
stage 
0 
о 
о 
о 
о 
О 
О 
О 
- : no evidence of root resorption. 
о : no evidence of calcification of the crown. 
41 
FIG. IV-I Early pulp exposure of the miL's. Classification of the longitudinal records of 
each animal by the time of attainment of stage R 4, of the Ρ ι on the control side (week o). 
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period of recorded observations 
FIG. IV-2 Early pulp exposure of the niaL's. Classification of the longitudinal records of 
each animal by the time of attainment of stage R';« of the P2 on the control side (week o). 
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42 
FIG. IV-3 Intra-oral radiographs of the lower left buccal segments of animal no. 25 showing 
periapical blackening and advanced root resorption on the mesial root of the гпзЕ at 4, 8, 12, 
and 20 weeks following pulp exposure. The corresponding picture of the пъК at 20 weeks, 
that served as control. 
TABLE IV-C Effects observed after early pulp exposure of the mi and the ma on the left 
side of the mandible. 
periapical obliteration secondary 
code no. blackening of pulp dentine resorption exfoliation tooth 
of animal at 4 and 8 cavity deposition formation 
weeks 
20 
2! 
22 
23 
24 
25 
26 
27 
m i 
X 
X 
• 
ITb 
X 
X 
X 
m. 
χ 
χ 
χ 
χ 
χ 
• 
χ 
χ 
η\2 
: • : 
• : 
X 
χ 
χ 
• : 
Χ 
χ 
m i 
> 
> 
> 
> 
> 
> 
> 
> 
mi 
> 
• 
> 
> 
> 
• 
> 
> 
m i 
> 
О 
< 
О 
> 
> 
> 
> 
ПЪ 
О 
0 
• 
> 
• 
> 
О 
О 
m. 
• 
0 
О 
> 
О 
9 
О 
> 
пъ 
> 
? 
О 
О 
О 
> 
> 
О 
Р, 
о 
0 
О 
0 
0 
? 
О 
О 
Р2 
< 
о 
О 
о 
О 
О 
о 
О 
χ : observed on the left side and not on the right side 
> : on the left side advanced 
• : on the left side delayed 
О : no difference between the left and the right side observed 
? : not registered 
43 
FIGS. AND TABLES І - ^ ь 
Vertical migration of the P/s after the early pulp exposure of their predecessors. The means 
(a), and mean increments (b) of the y-co-ordinales of reference point no.7 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage Κη, of the Pi's on the control side. 
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Table IV-4a 
week 
-A 
0 
4 
8 
12 
16 
η 
8 
8 
8 
8 
8 
8 
x it 
-17.72 
-14.46 
-10.02 
-5.97 
-3.10 
-2.48 
S D R 
1.44 
2.12 
2.90 
3.37 
1.87 
1.41 
X L 
-17.89 
-14.32 
-8.86 
-6.73 
-4.86 
-3.42 
SDi, 
1.44 
2.73 
2.88 
2.91 
1.62 
2.15 
XR L 
0.16 
-0.13 
-1.16 
0.76 
1.76 
0.93 
S D U - L 
0.58 
1.35 
2.06 
1.12 
1.27 
1.51 
t-value 
-0.78 
0.28 
1.59 
-1.91 
-3.91 " 
-1.75 
Table IV-4b 
period 
(weeks) 
^ / 0 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
8 
XR 
3.26 
4.43 
4.05 
2.87 
0.61 
S D K 
1.92 
1.39 
2.43 
2.09 
0.82 
XL 
3.56 
5.46 
2.12 
1.87 
1.43 
S D L 
2.12 
1.32 
1.16 
2.25 
1.03 
X R - L 
-0.30 
-1.02 
1.92 
1.00 
-0.82 
S D R - , , 
1.00 
1.45 
2.60 
1.19 
1.18 
t-value 
0.84 
1.98 
-2.09 
-2.36 
1.97 
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FIGS. AND TABLES IV-5".h 
Mesiodistal migration of the Pz's after the early pulp exposure of their predecessors. The 
mean (a) and mean increments (b) of the x-co-ordinates of reference point no.7 on the 
experimental and control sides. The longitudinal records of each animal were classified by 
the time of attainment of stage R>/4 of the Pa's on the control side. 
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Table IV-5tt 
week 
-A 
0 
4 
8 
12 
16 
η 
8 
8 
8 
8 
8 
8 
XR 
-11.05 
-12.23 
-12.45 
-12.01 
-11.68 
-11.50 
S D H 
0.92 
1.08 
1.31 
1.89 
1.80 
1.70 
XL 
-11.20 
-11.85 
-12.22 
-12.06 
-11.70 
-11.13 
S D L 
0.98 
1.59 
1.63 
1.42 
1.78 
2.11 
XR I. 
0.15 
-0.38 
-0.22 
0.05 
0.01 
-0.36 
S D R - L 
0.26 
1.05 
0.75 
1.28 
1.10 
1.68 
t-value 
-1.62 
1.04 
0.84 
-0.11 
-0.03 
0.60 
Table IV-5b 
period 
(weeks) 
-А/О 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
8 
XR 
-1.18 
-0.21 
0.43 
0.32 
0.18 
S D R 
1.01 
0.69 
1.09 
0.78 
0.64 
XL 
-0.65 
-0.37 
0.16 
0.36 
0.56 
S D L 
1.40 
0.83 
0.99 
1.06 
0.85 
XR-L 
-0.53 
0.16 
0.27 
-0.03 
-0.37 
S D K - L 
1.07 
1.05 
1.52 
1.58 
1.14 
t-value 
1.41 
-0.43 
-0.51 
0.06 
0.92 
45 
FIGS. AND TABLES IV-6" b 
Changes in the mesiodistal inclination of the Pj's after the early pulp exposure of their pre­
decessors. The means (a), mean changes (b) of the angle В on the experimental and control 
sides. The longitudinal records of each animal were classified by the time of attainment of 
stage Ri/4 of the Рг'з on the control side. 
2S 
0 
-25 75 
0 β 16 
МЕЕКЗ 
Fig І -б" 
Table І -б» 
α 8 
WEEKS 
Fig. І -б» 
week S D R 
Хг 
SDi, XR L S D B t-value 
-4 
0 
4 
8 
12 
16 
8 
8 
8 
7 
8 
8 
78.7 
87.8 
92.8 
94.0 
92.1 
91.7 
06.2 
10.0 
06.1 
04.6 
05.6 
03.7 
78.1 
87.3 
94.0 
93.0 
92 0 
90 3 
06.6 
10.2 
06.5 
03.8 
05.4 
05.1 
00.6 
00.5 
-01.1 
00.1 
00.1 
01.3 
02.0 
01 3 
02.0 
03 6 
00.6 
03.2 
0 88 
1.08 
-1.56 
0.11 
0.55 
1.18 
Table IV-6h 
period 
(weeks) 
χ и 
SD,, S D L XR L S D R - L t-value 
-4/0 
0/4 
4/8 
8/12 
12/16 
8 
8 
7 
7 
8 
09.1 
05.0 
00.2 
-01.1 
-00.3 
05.8 
04.7 
03.9 
02.1 
02.7 
09.2 
06.6 
-01 8 
-01.1 
-01.6 
06.1 
06.0 
05.1 
04.7 
03.2 
-00.1 
-01.6 
01.8 
00.0 
01.2 
01.7 
02.5 
0 4 3 
03.6 
03.4 
-0.20 
-1.83 
1.03 
000 
1 03 
FIGS. AND TABLES IV-7».b 
Vertical migration of the bottom of the socket of the Pz's after the early pulp exposure of 
their predecessors. The means (a) and mean increments (b) of the y-co-ordinates of reference 
point no. 10 on the experimental and control sides. The longitudinal records of each animal 
were classified by the time of attainment of stage R·/, of the Pj on the control side. 
m 
-12.5 
-15.0 
-П.S 
-20.0 
МИ 
s о 
2 S 
0.0 
-2.5 
0 β 
WEEKS 
Fig. IV-?" 
^ w 
α 8 
WEEKS 
Fig. І -7 Ь 
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Table IV-7» 
week 
-4 
0 
4 
8 
12 
16 
η 
8 
8 
8 
8 
8 
8 
Χ 11 
-18.64 
-18.32 
-16.60 
-13.95 
-13.00 
-13.69 
Sun 
1.46 
0.96 
2.26 
2.89 
2.28 
2.39 
xi. 
-18.62 
-18.25 
-16.00 
-14.09 
-14.31 
-13.90 
SDi, 
1.47 
1.62 
2.45 
2.29 
1.80 
1.94 
XR L 
-0.01 
-0.07 
-0.60 
0.13 
1.31 
0.21 
S D R - L 
0.64 
0.95 
1.14 
1.08 
1.16 
1.45 
t-value 
0.05 
0.22 
1.48 
-0.35 
-3.19· 
-0.41 
Table lV-7b 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
8 
XR 
0.31 
1.72 
2.65 
0.95 
-0.68 
S D R 
1.02 
1.73 
2.10 
2.17 
0.97 
XL 
0.37 
2.25 
1.91 
-0.22 
0.41 
S D L 
1.09 
1.35 
1.32 
1.75 
0.89 
xn-i. 
-0.06 
-0.52 
0.73 
1.17 
-1.10 
S D R - L 
0.69 
0.72 
1.79 
1.07 
1.10 
t-value 
0.25 
2.06 
-1.16 
-3.10-
2.81' 
TABLE IV-D Late pulp exposure of the mjL's. Ages, dental stages, resorption stages of 
the ma's and the tooth formation stages of the Рз'з, at the time of late pulp exposure of the 
mj's on the left side of the mandible. 
at time of experiment 
code no. of animal age (weeks) 
43 
48 
43 
42 
42 
42 
42 
39 
dental stage 
пъ 
resorption 
stage 
Resi 
Res./2 
Res./, 
Res·/. 
Res./. 
Resi 
Res·/. 
Res./4 
Рз 
tooth formation 
stage 
Co 
Rb 
Cv. 
Rb 
Rb 
Rb 
Cc 
Cc 
20 
21 
22 
23 
24 
25 
26 
27 
47 
FIG. IV-8 Late pulp exposure of the mjL. Classiñcation of the longitudinal records of each 
animal by the time of attainment of stage Ri/4 of the Рз on the control side. 
R 1/4 
Ί — I — I — Г Ί 1 1 1 1 1 1 Г 
Cad· πα I 
of animal 
• : time of pulp exposure of the nuL 
θ : time of attainment of stage Ri/« 
« : time of attainment of occlusion of (he PjR (control) 
щ : time of attainment of occlusion of the P]L 
I 1 : period of recorded observations 
TABLE IV-E Effects observed after late pulp exposure of the rm's on the left side of the 
mandible. 
code no. 
of animal 
20 
21 
22 
23 
24 
25 
26 
27 
periapical 
blackening 
of bone 
О 
О 
О 
О 
О 
О 
О 
О 
obliteration 
of pulp 
cavity 
X 
X 
secondary 
dentine 
deposition 
т з 
resorption 
< 
О 
О 
<; 
< 
> 
> 
О 
exfoliation 
< 
О 
> 
< 
< 
> 
> 
О 
Рз 
tooth 
formation 
О 
О 
О 
> 
> 
< 
< 
О 
x : present on the left side and not on the right side 
> : on the left side advanced 
< : on the left side delayed 
О : no difference between the left and the right side 
48 
FIGS. AND TABLES IV-^·1· 
Vertical migration of the Pa's after the late pulp exposure of their predecessors. The means (a) 
and mean increments (b) of the y-co-ordinates of reference point no. 8 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage R'/4 of the Pa's on the control side. 
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-2.5 
-5.0 
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-10.0 
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MM 
5.0 
2.5 
0.0 
ο β 
HEEKS 
Fig. IV-9* Fig. l\-9h 
Table IV-9a 
week 
-4 
0 
4 
8 
12 
16 
η 
8 
8 
8 
8 
8 
8 
XR 
-17.13 
-13.90 
-10.22 
-6.98 
-*.50 
-2.92 
S D K 
1.73 
2.90 
2.52 
2.38 
2.11 
1.50 
XL 
-17.47 
-14.52 
-10.86 
-7.47 
-5.65 
^ . 8 1 
S D L 
2.02 
3.49 
3.53 
3.09 
3.09 
2.68 
XH L 
0.33 
0.62 
0.63 
0.48 
1.15 
1.88 
S D R - , , 
0.68 
1.27 
1.79 
1.20 
1.20 
1.83 
t-value 
-1.40 
-1.38 
-1.00 
-1.14 
-2.70· 
-2.91· 
Table IV-9" 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
8 
XH 
3.23 
3.67 
3.23 
2.48 
1.57 
S D K 
1.70 
1.36 
1.14 
0.86 
1.10 
XI. 
2.95 
3.66 
3.38 
1.82 
0.83 
SDi, 
2.12 
1.23 
1.21 
1.02 
0.90 
XR-I. 
0.28 
0.01 
-0.15 
0.66 
0.73 
SDn-i, 
0.96 
1.16 
0.89 
0.57 
0.99 
t-value 
-0.84 
-0.03 
0.47 
-3.24· 
-2.09 
49 
FIGS. AND TABLES IV-IO»·" 
Mesiodistal migration of the Pa's after late pulp exposure of their predecessors. The mean (a) 
and mean increments (b) of the x-co-ordinates of reference point no. 8 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage Ri/4 of the Рз'з on the control side. 
M 
-22.5 
-2S.0 
-27. S 
* 1 
* - < 
0 
Τ** 
a is 
HEEKS 
Fig. 
Table IV-!№ 
week 
-A 
0 
4 
8 
12 
16 
η 
8 
8 
8 
8 
8 
8 
IV-IO* 
XR 
-25.32 
-25.25 
-25.61 
-24.70 
-24.57 
-23.97 
S D R 
0.58 
1.45 
1.17 
0.92 
1.49 
1.41 
Xi, 
-24.81 
-25.18 
-24.55 
-24.26 
-23.83 
-23.62 
MM 
2.5 
0.0 
-2.5 
S D L 
0.83 
0.85 
1.40 
1.95 
1.52 
1.77 
. ,»**<£*»*»«£ 
Ι Ό -•"• 
0 8 
WEEKS 
Fig. IV-10" 
XR-L 
-0.51 
-0.06 
-1.06 
-0.43 
-0.73 
-0.35 
S D R - L 
1.15 
1.13 
0.72 
1.13 
1.03 
1.60 
t-valuc 
1.25 
0.15 
4.14" 
1.09 
2.01 
0.61 
Tabic IV-10h 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
8 
XR 
0.07 
-0.36 
0.91 
0.12 
0.60 
SDu 
1.25 
1.00 
0.50 
0.89 
0.34 
XL· 
-0.37 
0.63 
0.28 
0.42 
0.21 
SDi, 
1.31 
1.02 
1.15 
1.13 
1.23 
xn-i. 
0.45 
-1.00 
0.62 
-0.30 
0.38 
S D R - I , 
1.31 
1.23 
1.16 
1.44 
1.12 
t-value 
-0.96 
2.28 
-1.51 
0.58 
-0.97 
FIGS. AND TABLES IV-l l a . b 
Changes in the mesiodistal inclination of the Pj's after late pulp exposure of their predecessors. 
The means (a) mean changes (b) of the angle С on the experimental and control sides. The 
longitudinal records of each animal were classified by the time of attainment of stage Ri/, 
of the Pj's on the control side. 
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WEEKS 
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Table IV-1 I a 
week 
-A 
0 
4 
8 
12 
16 
Table IV-11 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
8 
8 
8 
8 
7 
8 
b 
η 
8 
8 
8 
7 
7 
XR 
83.8 
90.7 
92.8 
96.5 
96.7 
96.1 
XR 
06.8 
02.1 
03.6 
-00.5 
00.4 
S D R 
05.6 
06.8 
07.1 
06.4 
05.9 
06.0 
S D R 
04.0 
03.2 
03.9 
01.2 
01.9 
XI, 
85.5 
90.5 
93.8 
95.6 
97.2 
96.1 
Χι. 
05.0 
03.3 
01.7 
01.0 
01.0 
SDi. 
04.8 
06.6 
06.5 
05.6 
04.6 
05.2 
S D L 
03.5 
03.0 
04.1 
02.4 
01.6 
X R I. 
-01.6 
00.2 
-01.0 
00.8 
-00.5 
-00.8 
XR I. 
01.8 
-01.2 
01.8 
-01.5 
-00.3 
S D R - , . 
0.44 
0.12 
0.13 
0.20 
0.18 
0.16 
S D R - L 
04.5 
01.2 
02.1 
02.3 
02.3 
t-vai uè 
-10.4 
05.5 
-21.6 
12.1 
-08.3 
-13.5 
t-value 
1.16 
-2.75· 
2.52· 
-1.75 
-0.34 
FIGS. AND TABLES І -іг^ь 
Vertical migration of the bottom of the socket of the Pi s after late pulp exposure of their 
predecessors. The means (a) and mean increments (b) of the y-co-ordinates of reference 
point no. 11 on the experimental and control sides. The longitudinal records of each animal 
were classified by the time of attainment of stage Ri/4 of the Pi's on the control side. 
MM 
-1S.0 
-17.S 
-го.о 
с 
Table IV-12 
week 
-A 
0 
4 
8 
12 
16 
Table IV-12 
period 
(weeks) 
^1/0 
0/4 
4/8 
8/12 
12/16 
^ 
β 
HEEKS 
Fig. IV 
i 
η 
8 
8 
8 
8 
8 
8 
b 
η 
8 
8 
8 
8 
8 
^ 
¿~· 
ΙΕ 
-12» 
XR 
-19.26 
-18.75 
-18.20 
-17.36 
-16.20 
-15.51 
XR 
0.51 
0.55 
0.83 
1.16 
0.68 
S D R 
0.95 
1.62 
1.97 
1.41 
1.41 
2.07 
S D R 
1.18 
1.20 
1.39 
1.40 
2.06 
XL 
-19.56 
-19.17 
-18.03 
-17.56 
-16.73 
-16.88 
XL 
0.38 
1.13 
0.47 
0.82 
-0.15 
МИ 
г.s 
0.0 
-2.5 
S D L 
1.51 
1.94 
2.47 
2.04 
2.21 
1.99 
S D L 
0.73 
1.16 
1.75 
1.78 
1.81 
0 β 
UEEKS 
Fig. IV-12» 
X R L 
0.30 
0.42 
-0.16 
0.20 
0.53 
1.37 
X R - L 
0.12 
-0.58 
0.36 
0.33 
0.83 
S D R - L 
1.17 
1.34 
1.56 
1.13 
1.30 
1.60 
S D R - L 
1.14 
1.32 
1.50 
1.23 
1.19 
t-value 
-0.72 
-0.89 
0.29 
-0.49 
-1.16 
-2.43· 
t-value 
-0.31 
1.25 
-0.68 
-0.77 
-1.98 
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TABLE V-Α Early extraction of the miL. Ages, dental stages, resorption stages of the nu's 
and tooth formation stages of the Pj's, at the time of extraction of the mj's on the left side of 
the mandible. 
code no. 
of animal 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
_ 
age (weeks) 
20 
20 
18 
16 
15 
16 
16 
15 
15 
15 
at lime 
dental stage 
I-A 
I-A 
I-A 
I-A 
I-A 
I-A 
I-A 
l-A 
I-A 
I-A 
of experiment 
mi 
resorption 
stage 
_ 
— 
— 
— 
— 
— 
— 
— 
— 
— 
P2 
tooth formation 
stage 
О 
О 
О 
о 
о 
о 
о 
о 
о 
о 
о 
no evidence of root resorption. 
no evidence of calcification of the crown. 
FIG. V-1 Early extraction of the m2L. Classification of the longitudinal records of each 
animal by the time of attainment of stage R' ; 4 of the Рз on the control side. 
Ί — I — 1 — I — I — Г 
•40 - 3 3 -2Л -f за +40 
Ί Γ 
Η 1-
á 
θ 
€ 
time of extraction of the n ^ L 
time of attainment of stage Ci of the PzR (control) 
lime of attainment of stage R>/, of the P2R 
time of attainment of occlusion of the P2R 
time of attainment of occlusion of the P2L 
period of recorded observations 
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TABLE V-B Clinical emergence of the Pi's on the experimental and control sides following 
the early extraction of the imL's. The moment of the observed clinical emergence is given 
in weeks after the attainment of stage Ri/, of the P2R's (controls). 
weeks after R'/4 of the PiR's 
code no. 
of animal 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
0 
L 
X 
X 
R 
О 
4 
L 
X 
X 
X 
X 
X 
X 
R 
О 
О 
О 
8 
L 
χ 
R 
О 
О 
О 
О 
О 
12 
L 
X 
R 
Ü 
χ = clinical emergence of the P i L 
О = clinical emergence of the P2R (control) 
FIGS. AND TABLES V-2».b 
Vertical migration of the Pi's after the early extraction of their predecessors. The means (a), 
and mean increments (b) of the y-co-ordinates of reference point no. 7 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage R'/,, of the Pi's on the control side. 
m 
-2.5 
-5.0 
- 7 . S 
-10.0 
-іг.5 
-is.o 
-17.S 
-го. о 
ми 
7.S 
S.O 
г.s 
0.0 
о β 
WEEKS 
Fig. V-2a 
UEEKS 
Fig. -г" 
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Table V-2» 
week 
-Λ 
0 
4 
8 
12 
16 
η 
10 
10 
10 
10 
9 
10 
хн 
-17.33 
-11.58 
-7.02 
^1.30 
-3.46 
-2.98 
S D H 
2.77 
4.43 
3.85 
2.67 
2.14 
1.94 
XL 
-18.47 
-14 09 
-10.75 
-7 06 
-5.21 
^1.92 
SDi, 
2.40 
3.66 
3.57 
3.80 
2.90 
2.77 
X R - L 
1.14 
2.51 
3.73 
2.76 
1.74 
1.94 
S D R , 
0.92 
1.92 
2 99 
2.25 
1.28 
1 84 
t-value 
-3.89" 
- 1 . 1 3 " 
- 3 . 9 3 " 
-3 .86" 
-4 .05" 
- 3 . 3 3 " 
Table V-2h 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
10 
10 
10 
9 
9 
хн 
5.75 
4.56 
2.72 
0.81 
0.51 
S D R 
2.22 
1.86 
2.01 
1.00 
0.63 
xi. 
4.38 
3.34 
3.69 
123 
0.74 
SDi 
2.01 
1.34 
2.22 
1.05 
0.63 
XR-L 
1.37 
1.22 
-0.97 
-0.42 
-0.23 
S D R - L 
1.89 
2.05 
2.65 
0.97 
1.02 
t-value 
-2.29' 
-1.88 
1.15 
1.30 
0.68 
FIGS. AND TABLES -З".1 1 
Mesiodistal migration of the Pi's after the early extraction of their predecessors. The mean (a), 
and mean increments (b) of the x-co-ordinates of reference point no. 7 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage Ri / 4 of the Pz's on the control side. 
MM 
-10.0 
-12.5 
-15.0 
0 В 
WEEKS 
big. V-3a 
MM 
2.5 
0.0 
-2.5 
0 β 
HEEKS 
Fig. V-3" 
Table V-3a 
week XR S D R S D L S D R - L t-value 
-4 
0 
4 
8 
12 
16 
10 
10 
10 
10 
9 
10 
-11.22 
-11.77 
-11.51 
-11.49 
-10.76 
-10 63 
1 39 
1.63 
1.76 
1.77 
2 60 
1.88 
-12.43 
-13.34 
-13.55 
-12.94 
-12.71 
-12.55 
2.19 
2.44 
2.76 
2.76 
2.64 
2.93 
1.21 
1.57 
2.04 
1.45 
1.94 
1.92 
1.16 
1.36 
1.81 
1.44 
1.34 
2.03 
-3 .29" 
-3 6 4 " 
-3 .55" 
-3.18-
^t.32· 
-2.97' 
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Table У-З" 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
10 
10 
10 
9 
9 
хн 
-0.55 
0.26 
0.02 
0.58 
0.26 
S D R 
0.72 
0.70 
0.87 
1.07 
0.90 
Χι. 
-0.91 
-0.21 
0.61 
0.08 
0.24 
S D L 
1.00 
0.97 
0.89 
0.53 
1.49 
XR-L 
0.36 
0.47 
-0.59 
0.50 
0.02 
S D R - J , 
0.88 
1.01 
1.21 
1.40 
1.96 
t-value 
-1.29 
-1.47 
1.53 
-1.07 
-0.03 
FIGS. AND TABLES V ^ . " 
Changes in the mesiodistal inclination of the Рз.'$ after the early extraction of their predeces­
sors. The means (a), mean changes (b) of the angle В on the experimental and control sides. 
The longitudinal records of each animal were classified by the time of attainment of stage R4, 
of the Pi's on the control side. 
100 
fl 
so" 
¡ ^ 
- 8 
Table V-4* 
week 
-8 
-4 
0 
4 
8 
12 
16 
^ 
0 
HEEKS 
Fig. 
η 
10 
10 
10 
10 
9 
9 
10 
θ 16 
V-4» 
XR 
81.7 
82.5 
88.9 
93.8 
93.3 
92.7 
93.9 
S D R 
08.6 
08.9 
07.4 
05.3 
05.3 
05.3 
04.8 
XL 
73.4 
77.9 
82.1 
85.0 
86.3 
89.8 
91.9 
25 
• 
0 
• 
-2S 
- β 
S D I . 
07.6 
11.6 
12.8 
13.5 
11.5 
08.7 
08.6 
о a 
HEEKS 
Fig. ^ ь 
X R 1, 
08.3 
04.6 
06.8 
08.8 
07.0 
02.8 
02.0 
S D R - L 
07.8 
08.5 
10.8 
09.5 
08.7 
07.0 
06.1 
t-value 
з.зг·· 
1.69 
1.98 
2.92" 
2.40· 
1.22 
1.02 
Table V-4h 
period 
(weeks) 
-8/-4 
-4/0 
0/4 
4/8 
8/12 
12/16 
η 
10 
10 
10 
9 
8 
9 
XR 
00.8 
06.4 
04.9 
00.0 
01.3 
01.5 
S D R 
05.2 
04.1 
04.7 
00.0 
02.0 
01.5 
Xr. 
04.5 
04.2 
02.9 
03.5 
01.7 
02.4 
SDr. 
11.0 
08.0 
06.2 
04.6 
03.4 
03.3 
X R 1. 
-03.7 
02.2 
02.0 
-03.5 
-03.1 
-00.8 
S D R - L 
10.2 
08.0 
06.9 
03.4 
03.5 
03.9 
t-value 
-1.13 
0.86 
0.91 
-3.10· 
-2.48* 
-0.67 
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FIGS. AND TABLES V-5a·" 
Vertical migration of the bottom of the socket of the Pi's after the early extraction of 
their predecessors. The means (a) and mean increments (b) of the >-co-ordinates of reference 
point no. 10 on the experimental and control sides. The longitudinal records of each animal 
were classified by the time of attainment ot stage Кч. of the Pi's on the control side. 
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-12.S 
-1S.0 
-17.S 
-20.0 
0 8 
WEEKS 
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Fig. V-5a 
m 
2.S 
^Ч/ 
г^ 
WEEKS 
Fig.V-5" 
Table V-S" 
week 
хк 
S D R S D I , Xn-L S D B t-value 
-4 
0 
4 
8 
12 
16 
10 
10 
10 
10 
9 
9 
-18.12 
-16.80 
-14.79 
-13.52 
-13.28 
-14.60 
2.21 
2.62 
2.21 
2.70 
1.99 
1.82 
-18.85 
-18.38 
-16.66 
-15.15 
-14.68 
-13.50 
1.95 
2.15 
3.21 
2.90 
2.19 
3.52 
0.73 
1.58 
1.87 
1.63 
1.40 
-0.98 
0.86 
1.28 
2.60 
1.79 
1.38 
4.09 
-2.65-
-3 88-
-2.26-
-2.87· 
-3.02-
0.72 
Table V-S» 
period 
(weeks) η xu S D H xr, S D L XK-L S D R - L t-value 
-4/0 
0/4 
4/8 
8/12 
12/16 
10 
10 
10 
9 
8 
1.32 
2.01 
1.27 
0.20 
-0.80 
0.99 
1.00 
1.45 
1.84 
0.83 
0.47 
1.72 
1.51 
0.07 
1.68 
0.58 
2.14 
1.91 
1.11 
3.87 
0.85 
0.29 
-0.24 
0 12 
-2 62 
1.20 
2.07 
1.79 
1.82 
3.92 
-2.23 
-0.44 
0.42 
-0.20 
1.89 
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TABLE V-C Late extraction of the ITUL'S. Ages, dental stages, resorption stages of the 
trn's and tooth formation stages of the Pi's, at the time of extraction of the nu's on the left 
side of the mandible. 
code no. 
of animal 
10 
H 
12 
13 
14 
15 
16 
17 
18 
19 
age (weeks) 
48 
48 
42 
45 
44 
44 
44 
43 
43 
43 
at time of 
dental stage 
III 
III 
III 
experiment 
m¡ 
resorption 
stage 
Resi/4 
Res,/! 
Resi 
Resi/2 
Res 1/4 
Res 1/4 
Res 1/4 
Res i/4 
Resi/4 
Res ./г 
Pi 
tooth formation 
stage 
Rb 
Rb 
Cc 
Rb 
Rb 
Rb 
Rb 
Rb 
Rb 
Rb 
FIG. V-6 Late extraction of the m^L's. Classification of the longitudinal records of each 
animal by the time of attainment of stage R1/4 of the Рз on the control side. 
it 1/4 
1—г Ί Г Ί Γ 
l o h 
Γ 
+ J4 
I г 
Code 
ol 01 
• : time of extraction of the nbL 
θ : time of attainment of stage R1/4 of the PjR (control) 
• : time of attainment of occlusion of the P3R 
i : time of attainment of occlusion of the P3L 
I 1 : period of recorded observations 
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FIGS. AND TABLES V-7«.1' 
Mesiodistal migration of the MTs after the late extraction of the ms's in front of them. 
The means (a) and mean increments (b) of the x-co-ordinates of reference point no.4 on the 
experimental and control sides. The longitudinal records of each animal were classified by 
the time of extraction of the nb's on the experimental sides. 
m 
-зг.5 
ο β 16 
HEEKS 
Fig. V-7'1 
2.5 
0.0 
-z.s 
> v ^ > ^ 
в 
WEEKS 
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Table V-7a 
week XR S D H XL SDi. XR I. S D R - L t-value 
0 
4 
8 
12 
16 
20 
10 
10 
10 
10 
10 
10 
-35.28 
-35.37 
-34.53 
-33.50 
-33.11 
-32.59 
2.20 
2.19 
2.16 
2.94 
2.32 
2.50 
-35.49 
-34.08 
-33.92 
-33.65 
-32.99 
-32.84 
2.43 
3.09 
3.29 
2.96 
3.66 
3.15 
0.21 
-1.29 
-0.61 
0.15 
-0.12 
0.25 
1.21 
2.06 
2.41 
1.68 
1.93 
1.95 
-0.54 
2.03 
0.89 
-0.28 
0.19 
0.38 
Table V-7b 
period 
(weeks) X K S D R S D L XR-L S D R - L t-value 
0/4 
4/8 
8/12 
12/16 
16/20 
10 
10 
10 
10 
10 
-0.09 
0.84 
1.03 
0.39 
0.52 
0.58 
0.41 
1.25 
1.26 
0.93 
1.41 
0.16 
0.27 
0.66 
0.15 
0.80 
0.85 
0.57 
1.02 
0.90 
-1.50 
0.68 
0.76 
-0.27 
-0.37 
1.18 
1.13 
1.39 
1.80 
1.06 
4 . 0 1 " 
-1.89 
-1.72 
0.47 
0.32 
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TABLE V-D Clinical emergence of the Pj's on the experimental and control sides following 
the late extraction of the msL's. The moment of the observed clinical emergence is given in 
weeks after the attainment of the stage R1/4 of the PjR's (controls). 
code no. 
of animal 
weeks after R1/4 of the Pi R's 
8 12 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
О 
О 
О 
О 
О 
О 
О 
О 
О 
о 
χ = clinical emergence of the P3L 
О = clinical emergence of the P3R (control) 
FIGS. AND TABLES V-S»·" 
Vertical migration of the Pj's after the late extraction of their predecessors. The means (a) 
and mean increments (b) of the y-co-ordinates of reference point no.8 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage R1/4 of the Pi's on the control side. 
мм 
-г. s 
-s. о 
-7.s 
-10.0 
-la.s 
-is.о 
-17.s 
-го.о 
мм 
7.S 
5.0 
г. s 
0.0 
о в 
WEEKS 
Fig. V-8» 
WEEKS 
Fig. V-81' 
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Table V-S* 
week 
-4 
0 
4 
8 
12 
η 
10 
10 
10 
10 
10 
XR 
-17.95 
-13.64 
-10.59 
-7.43 
-5.05 
S D R 
2.59 
2.21 
2.52 
2.59 
2.67 
xi. 
-18.14 
-11.61 
-8.40 
-6.91 
^1.98 
SD,. 
2.29 
2.62 
2.54 
2.37 
2.62 
XR-L 
0.19 
-2.03 
-2.19 
-0.52 
-0.07 
S D R - , . 
0.83 
1.37 
1.21 
1.50 
2.44 
t-valuc 
-0.72 
4.68 
5.70·" 
1.09 
0.09 
Table V-8b 
period 
(weeks) 
-4/0 
0/4 
4/8 
8/12 
η 
10 
10 
10 
10 
хн 
4.31 
3.05 
3.16 
2.38 
SDn 
1.27 
0.95 
0.85 
1.63 
XL 
6.53 
3.21 
1.49 
1.93 
SDi. 
1.66 
1.24 
1.39 
2.35 
Xtt-L 
-2.22 
-0.16 
1.67 
0.45 
S D H - L 
1.31 
0.99 
1.69 
3.19 
t-value 
5.35 — 
0.51 
-3.12· 
-0.44 
FIGS. AND TABLES ^ . ь 
Mesiodistal migration of the Pi's after the late extraction of their predecessors. The mean (a) 
and mean increments (b) of the x-co-ordinates of reference point no. 8 on the experimental 
and control sides. The longitudinal records of each animal were classified by the time of 
attainment of stage R1/4 of the Ps's on the control side. 
-22.5 
-2S.O 
- 2 1 . S 
0 8 
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Table V-9* 
week 
Fig. V-911 Fig. V-9" 
XR S D R S D L S D R I . t-value 
-A 
0 
4 
8 
12 
10 
10 
10 
10 
10 
-25.02 
-25.46 
-24.82 
-24.29 
-23.87 
1.14 
1.29 
1.56 
1.87 
1.42 
-25.71 
-25.97 
-25.90 
-25.74 
-24.82 
1.67 
2.29 
2.31 
2.57 
2.48 
0.69 
0.51 
1.08 
1.45 
0.95 
1.02 
1.71 
1.38 
1.18 
2.01 
-2.13 
-0.94 
-2.46 
-3.87 
-1.49 
Table V-9b 
period 
(weeks) S D R S D I . SD,, t-value 
-4/0 
0/4 
4/8 
8/12 
10 
10 
10 
10 
-0.44 
0.64 
0.53 
0.42 
0.77 
0.67 
0.83 
0.78 
-0.26 
0.07 
0.16 
0.92 
1.62 
0.95 
0.61 
1.08 
-0.18 
0.57 
0.37 
0.50 
1.70 
0.81 
0.37 
1.61 
0.33 
-2.21 
-1.39 
0.97 
60 
FIGS. AND TABLES V-]0*.h 
Changes in the mesiodistal inclination of the Pj's after the late extraction of their predecessors. 
The means (a) mean changes (b) of the angle С on the experimental and control sides. The 
longitudinal records of each animal were classified by the time of attainment of stage R1/4 
of the Pj's on the control side. 
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7S 
о a 
мгою 
Fig. V-IO» 
WEEKS 
Fig. V-10b 
Table V-IO" 
week η XR S D H XL S D L XR-I. SDR-L, t-value 
-4 
0 
4 
8 
12 
10 
10 
10 
10 
9 
88.8 
91.0 
94.6 
96.0 
96.0 
0.41 
0.53 
0.43 
0.43 
0.36 
87.5 
91.8 
95.0 
96.3 
97.9 
0.55 
0.64 
0.74 
0.65 
0.71 
-0.13 
-0.08 
-0.04 
-0.03 
-0.18 
0.29 
0.38 
0.53 
0.52 
0.54 
1.39 
-0.65 
-0.23 
-0.18 
-1.04 
Table V-IO» 
period 
(weeks) η XR S D R XL S D L XR L S D R _ L t-value 
-A/Q 
0/4 
4/8 
8/12 
10 
10 
10 
9 
02.2 
03.6 
01.4 
00.7 
04.2 
03.7 
04.2 
01.8 
04.3 
03.2 
01.3 
01.7 
04.2 
03.1 
02.4 
03.3 
-02.1 
00.4 
00.1 
-01.0 
03.9 
05.1 
04.9 
03.1 
-1.66 
0.24 
0.06 
-0.30 
FIGS. AND TABLES V-ll a . b 
Vertical migration of the bottom of the socket of the Pa's after the late extraction of their 
predecessors. The means (a) and mean increments (b) of the y-co-ordinates of reference 
point no. 11 on the experimental and control sides. The longitudinal records of each animal 
were classified by the time of attainment of stage RL/4 of the Pj's on the control side. 
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Table V-11" 
week 
-4 
0 
4 
8 
12 
10 
10 
9 
10 
10 
10 
хн 
-19.99 
-19.19 
-17.71 
-17.36 
-16.08 
SDn 
1.57 
1.54 
1.99 
2.18 
2.50 
XL 
-20.50 
-17.31 
-16.39 
-17.05 
-16.83 
SDi. 
1.41 
1.92 
1.91 
1.58 
1.85 
XR T. 
0.51 
-1.60 
-1.32 
-0.31 
0.75 
S D R - L 
0.58 
1.17 
1.59 
1.09 
2.23 
t-value 
-2.77* 
4.06" 
2.61· 
0.89 
-1.06 
Table V-И" 
period 
(weeks) 
^1/0 
0/4 
4/8 
8/12 
η 
9 
9 
10 
10 
XR 
0.80 
1.48 
0.35 
1.28 
S D R 
0.44 
1.33 
1.67 
1.61 
Xb 
2.92 
1.00 
-0.66 
0.22 
SDi. 
1.87 
1.20 
1.28 
1.09 
XR-L· 
-2.03 
0.46 
1.01 
1.06 
S D R I. 
1.33 
1.53 
2.23 
2.50 
t-value 
4.55·· 
-0.91 
-1.43 
-1.33 
TABLE VI-A Clinical emergence of the Mi's on the experimental (L) and control (R) sides 
of the mandible following the occlusal removal of the overlying mucosa and bone. The 
moment of clinical emergence is given in weeks after the time of attainment of stage Cc of 
the M2R (control). 
code no. 
of animal 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
4 
L 
X 
X 
-
R 
weeks after time of attainment of stage С 
8 12 16 
L R 
X 
X 
О 
χ О 
χ 
О 
χ О 
L 
χ 
χ 
χ 
χ 
χ 
χ 
χ 
R 
Ο 
Ο 
L 
χ 
R 
Ο 
Ο 
Ο 
Ο 
Ο 
Ο 
с of the M: 
20 
L 
X 
X 
R 
О 
О 
О 
О 
О 
iR 
24 
L R 
О 
χ : clinical emergence of the MiL observed 
О : clinical emergence of the M2R observed (control) 
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FIG. VI-1 
Occlusal removal of mucosa and bone overlying the unerupled M^L's. Classification of the 
longitudinal records of each animal by the time of attainment of stage Cc. 
m г Ί—Ι Г~І—Γ ι ι ι — ι — г Τ Ί . 
of on ι mût 
H — ι 
• : time of removal of mucosa and bone 
» : time of attainment of occlusion of the M2R (control) 
• : time of attainment of occlusion of the M2L 
1 : period of recorded observations 
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FIGS. AND TABLES І-2''.Ъ 
Vertical migration of the Mi's after occlusal removal of overlying mucosa and bone. The 
means (a) and mean increments (b) of the y-co-ordinates of reference point no.5 on the 
experimental and control side of the mandible. The longitudinal records of each animal were 
classified by the time of attainment of the stage G of the Mj's on the control side. 
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Table І-г* 
weeks 
0 
4 
8 
12 
16 
20 
24 
η 
17 
17 
17 
18 
18 
18 
18 
XR 
-5.32 
-3.80 
-2.44 
0.43 
3.38 
6.48 
7 54 
S D B 
1.67 
2.17 
2.30 
2.42 
2.22 
1.55 
1.33 
XI 
-5.42 
-3.36 
-1.07 
2.15 
4.71 
6.56 
7.81 
SDi. 
1 55 
1.81 
2.83 
2.22 
1.69 
1.26 
1.74 
XR L 
-0.10 
0.43 
1.36 
1.72 
1.32 
0.07 
-0.27 
S D R - I , 
1.15 
1.38 
2.09 
1.43 
2.02 
1.48 
1.26 
t-value 
-0.35 
1.29 
2.69· 
5.07— 
2.77-
0.20 
-0.21 
Table І-2Ь 
period 
(weeks) 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
0/8 
η 
17 
16 
17 
18 
18 
18 
16 
XR 
1.52 
1.31 
3.04 
2.95 
3.10 
1.05 
-2.762 
S D R 
1.79 
1.16 
1.73 
1.39 
2.04 
1.10 
2.267 
XL 
2.06 
2.25 
3.44 
2.55 
1.85 
1.25 
-4.218 
S D L 
1.61 
1.55 
2.06 
1.15 
1.48 
1.17 
2.780 
XR-L 
0.53 
0.93 
0.40 
-0.40 
-1.25 
-Ό.20 
1.518 
S D R - L 
1.43 
1.83 
1.98 
1.53 
2.09 
1.64 
2.118 
t-value 
1.53 
2.04 
0.84 
-1.10 
-2.53· 
-0.12 
2.86' 
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FIGS. AND TABLES І-З»·11 
Mesiodistal migration of the Nh's after occlusal removal of overlying mucosa and bone. 
The means (a) and mean increments (b) of the x-co-ordinates of reference point no. 5 on the 
expérimental and control side of the mandible. The longitudinal records of each animal were 
classified by the time of attainment of the stage Cc of the Mj's on the control side. 
-47. s 
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θ 16 
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Table І-За 
week SDR XL SDL SD. t-value 
0 
4 
8 
12 
16 
20 
24 
17 
17 
17 
18 
18 
18 
18 
^18.87 
-48.58 
^ 9 . 0 0 
^19.26 
^19.61 
^19.74 
-A9A4 
1.90 
1.92 
2.34 
1.70 
2.03 
2.23 
2.26 
-49.05 
^9 .08 
^18.94 
-19.35 
-49.39 
-48.90 
-48.52 
1.91 
1.98 
2.64 
2.60 
2.42 
2.74 
3.08 
-0.17 
-0.50 
0.05 
-0.08 
0.22 
0.84 
0.92 
0.89 
0.92 
1.30 
1.34 
1.04 
2.04 
2.04 
-0.81 
-2.23 
0.18 
-0.26 
0.90 
1.74 
1.91 
Table VI-3b 
period 
(weeks) XR S D K XL S D L XR L SDR t-value 
0/4 
4/8 
8/12 
12/16 
16/20 
20/24 
17 
16 
17 
18 
18 
18 
0.29 
-0.46 
-0.30 
-0.35 
-0.12 
0.30 
1.61 
1.31 
1.01 
1.16 
1.02 
1.09 
-0.02 
0.08 
-0.43 
-0.04 
0.49 
0.37 
0.93 
1.29 
0.94 
1.14 
1.56 
0.99 
-0.32 
0.54 
-0.12 
0.30 
0.62 
0.07 
1.54 
1.41 
1.30 
1.28 
1.80 
1.43 
-0.86 
1.53 
-0.40 
1.00 
1.46 
0.22 
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Key: 
В: buccal side. 
L: lingual side. 
a: mandibular canal. 
b· gubernacular canal. 
с · crown of premolar. 
d: permanent cuspid. 
e. socket of permanent cuspid 
f : crypt of premolar. 
PLATE I 
Area: MiL Magnification: χ 2.5 
Administration of tetracycline 15 days and 1 day prior to sacrificing at 21 weeks of age. 
Two distinct lines are visible in the dentine The large area of stained bone under the bi­
furcation corresponds with the phase of rapid vertical migration (Phase 3). Notice the stained 
bone on the lingual and buccal surface of the mandible and the relatively small amount of 
stained bone at the top of the alvealor process as compared with the amount of stained bone 
in the bifurcation. 
In this plate as in most of the following ones large stained areas, present in the crowns of the 
deciduous teeth as well as in certain regions of the mandible, are not considered to be related 
to our procedures but are explained by the now usual practice of breeders mixing tetracycline 
through the food. 
PLATE II a. " 
Area: a· mesial root M2R; 
b. distal root NbR. Magnification. x2 5 
Administration of tetracycline: 14 and 7 days prior to sacrificing at 41 weeks of age. 
The crown formation is observed to be completed and the staining indicates that root for­
mation was taking place. Notice tetracycline stained bone on the buccal and lingual surface 
of the mandible, in the bifurcation of the mesial roots (a) and on the top of the alveolar 
process. 
The crypt of the M2 in the mesial part (a) is continuous with the outer surface of the mandible; 
the distal part is covered with intensively stained bone. 
Crown formation is observed to be completed. The pattern of tetracycline stained dentine 
may indicate that root formation was taking place. 
PLATE III 
Area: mesial root M2R. Magnification: χ 2.5 
Administration of tetracycline 14 days and 1 day prior to sacrificing at 65 weeks of age. 
The staining in the roots indicate that their formation was not yet completed. 
The large area of stained bone between the roots corresponds with the phase of rapid vertical 
migration (phase 3). No stained bone is visible at the top of the alveolar process. 
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PLATE IV 
Area: mesial root MjL. Magnification: χ 2.5. 
Administration of tetracycline: 8 days and 1 day prior to sacrificing at 72 weeks of age. 
Abrasion of the cusps shows that the tooth has been in functional occlusion. 
The staining of the walls of the pulp cavity indicate the apposition of the secondary dentine. 
The stained bone on the walls of the sockets indicate buccal and vertical migration of the 
tooth, associated with apposition of bone on the upper part of the buccal and the lower part 
of the lingual surface of the mandible. 
PLATE V 
Area: bifurcation of the пъЯ; germ of the P2R. Magnification: χ 2.5. 
Administration of tetracycline: 8 days and 1 day prior to sacrificing at 29 weeks of age. 
The walls of the bony crypt of the P2 are continuous with the lingual outer bony surface of 
the mandible via the gubernacular canal. Notice the tetracycline stained bone on the medial 
surface of the crypt and gubernacular canal and the outer buccal surface of the mandible. 
PLATE VI».^ 
Area: a: bifurcation of the mi R 
b: bifurcation of the mzR 
c: bifurcation of the mjR. Reproduced on page 71. Magnification: χ 2.5. 
Administration of tetracycline: 14 and 7 days prior to sacrificing at 41 weeks of age. 
The staining of the walls of the pulp cavities of the m's indicates the apposition of secondary 
dentine. 
The walls of the bony crypts of the premolars are continuous with the lingual outer bony 
surface of the mandible via the gubernacular anal. 
Notice the stained bone on the medial walls of the crypt of the premolars and their guber­
nacular canal and on the outer buccal surface of mandible. The staining beneath the bi­
furcation of the m's may indicate vertical migration of these teeth. 
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PLATE VII 
Area: distal root of the mjL; germ of the PsL. Magnification: χ 2.5. 
Administration of tetracycline: 14 and 7 days prior to sacrificing at 29 weeks of age. 
Notice the stained line in the crown of the Рз, and the close relation of this tooth to the lingual 
root of the гпз. 
The stained bone of the walls of the sockets of the m л indicates buccal and vertical migration 
of this tooth. 
PLATE VIII 
Area: mesial root of the mjR; germ of the PjR. Magnification: x 2.5. 
Administration of tetracycline: 8 days prior to sacrificing at 54 weeks of age. 
Notice the close relation of the Рз to the roots of the пъ. Root resorption of the т з was 
probably taking place. The crown of the Рз is completely formed and stained dentine indicate 
root formation of this tooth. 
PLATE IX 
Area: mesial root of the P2R. Magnification: x 2.5. 
Administration of tetracycline: 8 days and 1 day prior to sacrificing at 77 weeks of age. 
The large area of stained bone beneath the bottom of the socket corresponds with the phase 
of rapid vertical migration (phase 3). 
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Χ» ХЬ 
ΧΙ" Хіь 
PLATE Χ·*·" 
Arca a: bifurcation of the rmR. 
b corresponding area on the left side. Magnification· χ2.5. 
Administration of tetracycline. 14 days and 1 day prior to sacrificing at 21 weeks of age. 
Extraction of the ITUL at 19 weeks of age, 2 weeks prior to sacrificing. 
Notice small and hngually positioned crypt of the P2 Calcification of the crown is not ob­
served. The gubernacular canal on the extraction side is not covered with bone. 
PLATE XI* ь 
Area a bifurcation of the miR. 
b: corresponding area on the left side. Magnification: X2.5. 
Administration of tetracycline 14 and 7 days prior to sacrificing at 27 weeks of age. 
Extraction of the m2L at 15 weeks of age; 12 weeks prior to sacrificing 
On both sides calcification of the crown of the P2 is observed. The vertical and buccohngual 
dimensions of the alveolar process on the extraction side are smaller than on the control side. 
Notice stained bone on top of the alveolar process on the extraction side, and the open 
gubernacular canal. 
72 
ν 
.4 k 
Plate XII a 
PLATE XIl" · " 
Area: a: bifurcation of the rruR. 
b : corresponding area of the left side. Magnification: χ 2.5. 
Adminstration of tetracycline: 8 days prior to sacrificing at 54 weeks of age. 
Extraction of the n u L : at 22 weeks of age; 32 weeks prior to sacrificing. 
Crown formation of the P2 on both sides is likely completed. 
Notice the changes in the shape of the alveolar process, and the close relation of the tip of the 
crown of the P2 on the extraction side to the lingual surface of the mandible. 
Notice also the relation between the crown of the P2L and the gubernacular canal. 
Plate X l l b 
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Had I a sucking-pig. 
Ere he had grown as big 
Even as a pint bottle or a rolling-pin, 
He should have learned to be 
Faithful and true to thee. 
Yes, his first squeak should be 
'Comrade Napoleon!' 
(GEORGE ORWFLL) 
S T E L L I N G E N 
I 
Bij het voorspellen van de doorbraaktijden van gebitselementen is de tand-
formatie het enige goede bruikbare uitgangspunt. 
И 
Het is zeer waarschijnlijk dat het eruptiepatroon van gebitselementen in ver­
schillende species een grote mate van overeenkomst vertoont. 
III 
Het niet doorbreken van gebitselementen berust in vele gevallen op het ont­
breken van het tandlijstkanaal. 
IV 
Het wortelvlies vervult waarschijnlijk een primaire en actieve rol bij het erup-
teren van gebitselementen. 
V 
Bij histologische onderzoekingen dient meer aandacht geschonken te worden 
aan mogelijke individuele variaties. 
VI 
Dat tandagenesieën zouden berusten op een fylogenetische reductie van tand-
materiaal is nooit aangetoond. 
VII 
Een grondige kennis van de normale en abnormale gebitsontwikkeling is een 
vereiste voor iedere tandarts. 

ш 
Het feit dat in dierexperimenteel werk vaak ingeteelde stammen worden ge­
bruikt kan gemakkelijk leiden tot de onjuiste veronderstelling dat een grote 
individuele variatie typerend is voor de mens. 
IX 
Bij melkelementen schijnen geïnfecteerde pulpae minder vaak in periapicale 
aandoeningen te resulteren dan bij blijvende gebitselementen. 
X 
Het toedienen van tetracycline aan kinderen moet zo veel mogelijk vermeden 
worden. 
XI 
Het is aanzienlijk gemakkelijker gebitselementen te verwijderen dan te bepalen 
of dit gewenst is. 
XII 
Het is zeer de vraag of economische en wetenschappelijke vooruitgang wezenlijk 
bijdragen tot het menselijk geluk. 
Stellingen behorende bij het proefschrift van J. C. Bodegom: 
'Experiments on tooth eruption in miniature pigs' 
Nijmegen, 17-1-1969 


